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INTERRELATIONSHIPS OF MICROORGANISMS IN CREAM. 
I. STREPTOCOCCUS LACTIS, PSEUDOMONAS FRAGI, 
AND GEOTRICHUM CANDIDUM* 


L. G. HARMON? anp F. E. NELSON 


Department of Dairy Industry, Iowa State College, Ames 


Regulatory agencies and the dairy industry have been concerned about the 
amounts of lipolysis and proteolysis occurring in dairy products, particularly 
cream and butter. An investigation was performed to determine quantitatively 
the lipolytic, proteolytic, and other deterioration values resulting from the 
growth of common contaminating organisms in cream incubated at various tem- 
peratures. 

In studying the lipase production of Pseudomonas fragi, Nashif and Nelson 
(10) found that the greatest production of extra-cellular lipase in 3 days oe- 
curred at 15° C. or below. Little lipase was produced at 30° C. or above. Greater 
lipase production was associated with increased Ps. fragi populations but was 
not closely proportional. Nashif and Nelson (17) observed that reduced pH 
caused by extensive growth of Streptococcus lactis in cream did not result in 
any appreciable inhibition of the growth of Ps. fragi but did interfere with the 
lipase of Ps. fragi, which showed no measurable activity below pH 4.9. When 
cream and butter were used as substrata, the lipase was active at a pH range 
from 4.9 to 8.2 with an optimum at 5.7 to 6.6 when incubated at 36° C for 24 
hours. Nelson (12) reported the lipase of Geotrichum candidum to be inactive 
at pH 4.0 and destroyed at pH 3.0. The lipase in filtrates from cultures of 
G. candidum was active over a pH range of 5.0 to 8.0 and a temperature range 
of 20° to 37° C., with the optimum at 30° C. Hillig et al. (6,7, 8, 9) determined 
the water-insoluble acid (WIA) content of numerous samples of commercial 
cream and butter and recommended a maximum permissible value of 400mg. 
of WIA per 100 ¢. fat. Babel (3) reported no significant difference in the WIA 
values of butters made from cream held at 55° and 75° F. and suggested that 
the lipase is inhibited by rapid souring of the eream. Purko (74) found that high 
WIA values resulted when sterile cream was inoculated with strains of G@. can- 
didum. In studying conditions influencing S. lactis activity, Tarassuk and Smith 
(15) observed that rancid milk had an inhibitory effect on S. lactis, and Costilow 
and Speck (4) reported that capryliec, eaprie, and laurie acids inhibited S. lactis. 


Received for publication May 2, 1955. 


* Journal Paper No. J-2761 of the Iowa Agricultural Experiment Station, Ames. Project 
No. 1050. 


* Present address: Dairy Department, Michigan State College, East Lansing. 
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EXPERIMENTAL PROCEDURE 


It was desired to determine lipolysis, proteolysis, organism population, pH, 
and organoleptic grade resulting from the growth of S. lactis, Ps. fragi, and G. 
candidum individually in sterile cream incubated at various temperatures. The 
two latter organisms were also combined with S. /actis in order to observe the 
effect of the presence of S. lactis on the activity of these organisms in cream. 

The organisms were isolated from raw milk or cream and activated by suc- 
cessive transfers in lactose nutrient broth prior to use. Grade A 35% cream was 
placed in 1-1. Erlenmeyer flasks and sterilized by steaming for 1 hour on each of 
three successive days. Analyses of uninoculated controls incubated at 10° and 
30° C. showed that this method of heating accomplished sterilization and inacti- 
vation of enzymes. Inoculation was with 0.1 ml. of 18-hour broth culture. Three 
flasks were inoculated with S. lactis, three with G. candidum, and three with Ps. 
fragi. Also, three flasks were inoculated with S. lactis and G. candidum and 
three with S. lactis and Ps. fragt. A flask containing each organism or combina- 
tion was ineubated at 10°, 20°, and 30° C. Sterile burettes or large pipettes were 
used to secure samples for analyses immediately before and after incubation and 
at 1, 3, 5, 7, and 10-day intervals. 

WIA analyses for lipolysis measurement were performed by the A.O.A.C. (2) 
method and free tryptophan for proteolytic measurement by the Duggan (5) 
method. Organism counts were obtained by Standard Methods (7) procedures 
in all instances where applicable. Plates for mold counts were incubated at 25° C. 
for 5 days. Plates for all other counts were incubated at 32° C. for 48 hours. 
When special media for differentiation were used, duplicate standard agar plates 
were prepared. S. lactis was easily distinguished from G. candidum by colony 
appearance. Ps. fragi in the presence of S. lactis was determined by addition 
of 1 part crystal violet dye to 125,000 parts of agar. This dye concentration 
inhibited S. lactis without interfering with Ps. fragt. 

Organoleptie grade is indicated on the right side of each graph, the USDA* 
grading system being used. Cream samples were analyzed for organism counts, 
WIA, tryptophan, pH, and grade value at each sampling interval. Figures are 
presented which indicate each of'the values determined during the incubation 
period. 


RESULTS 


The changes occurring in WLA, tryptophan, pH, organoleptic value, and 
organism counts when sterile cream was inoculated with NS. lactis are shown in 
Figure 1. At all three temperatures the free tryptophan increased through the 
first 5 days and then decreased to approximately the original value. The trend 
of the WIA values is of no consequence in quality, but uniformity of pattern 
seems to be significant. At all three temperatures there was a slight decrease on 


* Since completion of this phase of the work, USDA has announced a new grading system 
which eliminates C. G. (Cooking Grade) but leaves the other grades fundamentally the same. 
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Fig. 1. WIA, tryptophan, pH, grade values, and organism counts of cream containing S. lactis. 


the first day, then an increase to a maximum at 5 days, followed by a definite 
decline and subsequent slight increase. The same general pattern of activity for 
WIA and tryptophan values was observed with a number of different strains of 
S. lactis. Deterioration in organoleptic quality was related to increases in cell 
population and decreases in pH but not to fluctuations in WIA or tryptophan 
values. 

Figure 2 shows the changes in WIA, tryptophan, organoleptic value, and 
organism counts resulting from the inoculation of sterile cream with G. can- 
didum. The mold population increased in the same general pattern at all three 
temperatures with the rate and amount of fat hydrolysis increasing as the 
temperature increased within the range studied. At 20° and 30°C. the fat 
hydrolysis was sufficient to cause a slight drop in pH. Changes in tryptophan 
value were of no consequence, for the only high value oceurred at 30° C. after 
the cream had deteriorated below an acceptable grade. Organoleptic deteriora- 
tion was greater as the temperature increased and was related to high WIA 
values and mold population. 

The changes occurring in WIA, tryptophan, pH, organoleptic grade and 
S. lactis and G. candidum counts when sterile cream is inoculated with both of 
these organisms are shown in Figure 3. A comparison of the population curves 
in Figures 1, 2, and 3 indicates that S. lactis exhibited practically no influence 
on the rate of increase or maximum population attained by G. candidum. How- 
ever, these figures show that the presence of G. candidum reduced the rate of 
decline of S. lactis count at 20° and 30° C. A comparison of the pH curves shows 
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Fig. 2. WLA, tryptophan, pH, grade values, and organism counts of cream containing G. 
candidum, 


that the decrease occurring in the presence of the two organisms is in response 
to 8S. lactis. The WIA curves in Figures 1, 2, and 3 indicate that S. lactis has a 
considerable inhibitory effect on the lipase of G@. candidum, probably due to the 
reduced pH. In experiments that are not graphically illustrated it was demon- 
strated that a weak strain of NS. lactis, which did not rapidly reduce the pH, 
exhibited very little inhibitory effect on the lipase of G. candidum. At 10° C., 
in the presence of both organisms, the WIA increased to 234 mg/100 ¢. fat, as 
compared to 1,027 mg/100 g. fat produced by G. candidum alone. 

As shown in Figure 3, at 20° and 30° C. there was an abrupt increase in 
WIA between the third and fifth day, followed by a decrease on the tenth day. 
Attention is directed to the WIA curves of Figure 1 (S. lactis only), where the 
fluctuations are similar but less extreme. 

Decrease in oleic acid, the principal WLA component, in the presence of 
S. lactis was demonstrated by adding known quantities of oleic acid to inoculated 
sterile cream, the WIA content of which was known. A consistent decrease 
occurred extending through the fifth day, the amounts being 211, 143, and 148 
mg/100 g. fat at 10°, 20°, and 30° C., respectively. 

Examination of Figures 1, 2, and 3 indicates that fluctuations in tryptophan 
values were in response to NS. lactis activity. Figure 3 suggests that the initial 
organoleptic deterioration was closely related to the early organism population 
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Fig. 3. WIA, tryptophan, pH, grade values, and organism counts of cream containing S. 
lactis and G. candidum. 


increase and pH decline, with a subsequent quality decline being associated with 
increases in WIA and tryptophan values. 

When sterile cream was inoculated with /’s. fragi, the changes in WLA, 
tryptophan, pH, organoleptic grade, and Ps. fragi count are shown in Figure 4. 
Maximum population was attained on the third day at 10° and 20° C. and on the 
first day at 30° C. The greatest maximum population occurred at 20° C., and 
the maximum at 10° C. was greater than at 30° C. There was no appreciable 
population decline at any temperature during the 10-day period. Ps. fragi was 
extremely lipolytic, and after the third day the WIA values increased greatly 
at all three temperatures. At 10° C., Ps. fragi was even more lipolytie than 
G. candidum. Ps. fragi was also quite proteolytic, the maximum free tryptophan 
values at 10° and 20° C. being substantially greater than at 30° C. The lower 
value at 30° C. is probably due to protease inhibition caused by greater free 
fatty acid accumulation and low pIl resulting from more lipolysis at the higher 
temperature. Organoleptic deterioration seemed to be more closely related to 
increases in WIA and free tryptophan than to any other factor considered. 
Keeping quality was only slightly better at 10° than at 20° and 30° C. 

The changes occurring in WIA, tryptophan, pH, organoleptic grade, and 
S. lactis and Ps. fragi counts when sterile cream was inoculated with both of 
these organisms are shown in Figure 5. A comparison of Figures 1, 4, and 5 
shows that the presence of S. lactis exhibited a pronounced inhibitory effeet upon 
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Fig. 4. WIA, tryptophan, pH, grade values, and organism counts of cream containing Ps. fragi. 


Ps. fragi population at all three incubation temperatures. When associated with 
S. lactis, the maximum Ps. fragi counts attained were much lower and there was 
a numerical decline during the later stages of holding, which did not oecur when 
Ps. fragi was grown alone. At 30° C., S. lactis caused the virtual disappearance 
of Ps. fragi, the counts being 10 and 14 per milliliter on the seventh and tenth 
days, respectively. S. lactis growth was normal at each of the three temperatures, 
indicating that the association with Ps. fragi produced no effect on S. lactis 
population. The pH decline was in response to normal SN. lactis development. 

The inhibitory effect of S. lactis upon Ps. fragi becomes more evident when 
the WLA curve is examined at each of the three temperatures. At 20° and 30° C,. 
the influence of S. lactis was sufficient to practically inactivate any lipase elab- 
orated from Ps. fragi, which is in extreme contrast with the high lipase activity 
encountered when Ps. fragi was inoculated alone. In Figure 5, at 10° C. the 
lipase was able to cause considerable fat hydrolysis, although barely more than 
half as much as resulted when Ps. fragi was grown alone. The maximum Is. 
fragi population attained was substantially higher, and the pH decline caused 
by S. lactis was lower at 10° than at 20° or 30° C. However, the greater Ps. fragi 
population represents the most logical explanation for the higher WIA value, 
because the WIA increase did not begin until the third day, at which time the 
pH was down to 4.22. Utilization of WIA was again apparent, with the WIA 
decrease appearing on the first day at 30° C. and on the third day at 10° and 
20° C. 
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Fig. 5. WIA, tryptophan, pH, grade values, and organism counts of cream containing Ps. 
fragi and 8S, lactis. 


The proteolytic characteristic of ’s. fragi was subordinated by S. lactis at all 
three temperatares. Organoleptic grade deterioration did not seem to be closely 
related to any one factor except that the early decline corresponds to the organ- 
ism population increase and deterioration at 10° C. was associated with the high 
WIA value. 

DISCUSSION 


When pure cultures of G. candidum and Ps. fragi were inoculated into sterile 
cream, flavor defeets were not apparent at WIA values up to 400 mg/100 g. fat, 
which is the maximum tolerated by the Federal Food and Drug Administration. 
The lowest WIA value which was associated with rancid flavor was 840 mg/100 
g. fat with Ps. fragi. These samples contained no other off-flavor and were or- 
ganoleptically acceptable as Grade C. The lowest WIA value at which G@. can- 
didum produced a moldy flavor was 2,337 mg/100 g. fat. Moldy flavors did not 
appear until after the presence of mold could be detected by careful serutiny ; 
however, the mold would have been less apparent if the samples had been stirred 
more frequently. Production of moldy flavor and WIA was closely related to 
G. candidum population. The WLA values produced by G. candidum in sterile 
cream compare favorably with results by Purko et al. (14). 

When G. candidum and Ps. fragi were each combined with S. lactis and 
inoculated into sterile cream, a rancid flavor appeared at substantially lower 
WIA values than prevailed when the lipolytic organisms were not associated 
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with S. lactis. In numerous instances a rancid flavor occurred at WIA values 
below 400 mg/100 g. fat when SN. lactis was associated with the lipolytic organisms. 
When SV. lactis and G. candidum were combined, a moldy flavor occurred at WIA 
values as low as 868 and 1,067 mg/100 ¢. fat. Decreases in WIA associated with 
the presence of S. lactis may be related to the appearance of rancid flavor at 
low WIA values. In an experiment with several strains of S. lactis greater 
decreases in WIA oceurred with more vigorous strains. The appearance of the 
initial decrease was coincident with the attainment of maximum cell population. 
Addition of oleic acid to cream caused no reduction in the activity of S. lactis, 
and availability of oleic acid in abundant amount (approximately 600 mg/100 g. 
fat) resulted in a WIA decrease that was quantitatively greater than normal. 
Utilization of long-chain fatty acids by S. lactis is the most logical explanation 
for the fluctuating WIA values encountered during the incubation periods. 
Peters et al. (13) also encountered decreases of WLA in the presence of S. lactis 
and suggested the possibility of fatty acid utilization by the organism. When 
S. lactis was combined with lipolytic organisms, the rancid flavor occurring at 
low WIA values may have been due to the disappearance of the long-chain fatty 
acids while the short-chain fatty acids continued to accumulate as fat hydrolysis 
progressed. This opinion is supported by the work of Tarassuk and Smith (75), 
who observed an increase in surface tension, due to utilization of long-chain fatty 
acid, when SN. lactis was grown in milk. 

The optimum temperature for activity of lipase enzyme elaborated from the 
strain of Ps. fragi used in this experiment was substantially higher than the 
optimum growth temperature of the organism. These results are in agreement 
with those of Nashif and Nelson (/0, 11), who reported a temperature of 15° C, 
or below, depending upon the individual strain, to be most favorabie for pro- 
duction of lipase by Ps. fragt and found the maximum activity of this lipase 
oceurred at 40° C. when a coconut oil substrate was used. 

The amount of proteolysis produced by Ps. fragi was closely related to cell 
population, which was greater at 10° and 20° than at 30° C. This quantitative 
correlation suggests that the protease of this strain of Ps. fragi was fairly equally 
active over the temperature range of 10° to 30° C. 

When SW. lactis and Ps. fragi were combined, the lipase and protease of Ps. 
fragi may have been inhibited by the low pH induced by lactic acid. However, 
in the samples incubated at 20° and 30° C. there is a possible fallacy in this con- 
clusion because 8S. lactis inhibited Ps. fragi cell population. Probably the cell 
population of Ps. fragt at 20° and 30° C. was insufficient to elaborate a functional 
quantity of enzymes. In the 10° C. sample containing S. lactis and Ps. fragi, 
there is sufficient reason to conclude that low pH partially inhibited the lipase 
and protease enzymes, although substantial fat hydrolysis occurred at pH 4.22 
and 4.46. Ps. fragi attained sufficient population at 10° C. to provide a functional 
quantity of enzymes, but because of the reduced pH the activity of lipase and 
protease at this temperature was much less than when Ps. fragi was grown alone. 

Combining S. lactis with G. candidum caused a numerical stimulation of G. 
candidum at all three temperatures. This may be due to the preference of the 
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mold for the low pH. In most instances mold counts on acidulated potato dex- 
trose agar were slightly higher than on T.G.E.M. agar; however, this variation 
was not consistent. The disappearance of WIA in the presence of S. lactis was 
less apparent in the presence of G. candidum, probably because WIA was being 
produced continuously by the mold. 

Despite the fact that S. lactis inhibited the lipase of Ps. fragt and G. can- 
didum, the rate of organoleptic grade deterioration was greater at all tempera- 
tures when NS. lactis was combined with each of these organisms because of the 
acid produced. 


The considerable fluctuations which occurred in quantities of WIA and free 
tryptophan during holding of the cream limit the ability of the methods to 
accurately assess quality. During normal holding periods, organism activity 
could cause the WLA content of a particular sample of cream to fluctuate above 
and below the standard established by the Federal Food and Drug Administra- 
tion. 


SUMMARY AND CONCLUSIONS 


When inoculated into sterile cream Geotrichum candidum produced maximum 
lipolysis and cell population at 30° C. Pseudomonas fragi produced maximum 
population at 20° C. and maximum water-insoluble acids at 30° C., indicating 
that the optimum temperature for the lipase action of Ps. fragi was above the 
optimum temperature for organism reproduction. More rapid organoleptic grade 
deterioration at 30° C. indicated that quality decline was more intimately associ- 
ated with enzyme activity than with organism population. Rancid flavors oe- 
curred in cream at lower WLA values when Streptococcus lactis was combined 
with Ps. fragi or G. candidum than when the lipolytic organisms were grown 
alone. Decreases in WIA in sterile cream inoculated with S. lactis were encoun- 
tered in several instances, and amounts of decreases were quantitatively meas- 
ured by adding known quantities of oleic acid. 

The presence of SN. lactis and the accompanying lowering of pH reduced the 
lipase activity and WIA production of G. candidum and Ps. fragi and the aectiv- 
ity of the protease of Ps. fragi. The presence of S. lactis was inhibitory to the 
population development of Ps. fragi but stimulated the population development 
of G. candidum. 


Fluctuations in WLA and free tryptophan values, attributed to organism 
activity, occurred during incubation of inoculated cream. 
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A QUANTITATIVE EVALUATION OF CHANGES OCCURRING DURING 
HEAT TREATMENT OF SKIMMILK AT TEMPERATURES 
RANGING FROM 170° TO 300° F.' 


H. A. HARLAND, S. T. COULTER, V. H. TOWNLEY,* anp R. JENNESS 
Departments of Dairy Husbandry and Agricultural Biochemistry 
University of Minnesota, St. Paul 


Continuous or high-temperature, short-time methods of heating milk have 
almost entirely replaced the batch methods in milk processing plants. However, 
there is little published information concerning many of the changes milk under- 
goes when heated for various periods at temperatures between 200° and 300° F. 
A small-tube heat exchanger known as the Mallorizer was used by Hetrick and 
Tracy (10, 11, 12) to define the heat inactivation curves of phosphatase, lipase, 
and the heat denaturation of albumin and globulin. Herreid et al. (9) have 
used this heater in studies of the flavor and physical properties of cream. Data 
have been presented for pasteurization of milk (78) and the effect of heating in 
the Mallorizer at a temperature of 300° F. on the electrophoretic patterns of 
skimmilk proteins (17). 

It was the purpose of the present study to secure information concerning 
the effect of heating skimmilk at temperatures ranging from 170° to 300° F. 
on certain of the oxidation-reduction systems, denaturation of the serum pro- 
teins, and baking quality. ; 


MATERIALS AND METHODS 


High temperature tubular heater. To secure the data desired, it was necessary 
to construct a laboratory tubular heater capable of very accurately controlled 
heat treatments over a wide range of temperatures and holding times. Further- 
more, it was desired that the heating and cooling times be as brief as possible. 
The apparatus, constructed as shown in Figure 1, consists of three major parts, 
the heating, holding, and cooling sections. 

The heating section, consisting of two stages, was constructed of 67-in. 
lengths of 5/16-in. O.D., 16-gauge polished stainless steel tubes enclosed in °4-in. 
standard iron pipes. Steam is supplied to the first stage through a pneumatic 
steam pressure controller (Taylor Pressure Controller 10RF), which can be 
adjusted to control the temperature of the milk from the first stage. Steam to 
the second stage is supplied through a pneumatic valve controlled by a propor- 
tional-reset-rate controller-recorder (Taylor Transit Tri-Act Controller, model 
2A-329RF, and Taylor Tri-Act Recorder 82J-F). The temperature of the milk 
from the second stage is measured by the helium-filled bulb which actuates the 
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Fig. 1. Diagram of high temperature heat exchanger. 


transmitter (Taylor Transaire Temperature Transmitter, 317RG) of the control 
system. This system controls the temperature of the milk to within +1° F. of 
the desired temperature over a range of 170° to 300° F. 

The holding section consists of forty 60-in. lengths of *g-in. [.D. polished 
stainless steel tubes, which are mounted in special double tube sheets to allow 
for individual expansion and contraction of the tubes. The nest of tubes is 
enclosed in an 8-in. standard iron pipe, which may be partially evacuated to 
reduce the heat loss during the holding period. Header plates containing various 
combinations of grooves may be used on the holding section to give holding 
times varying from about 6 to 100 seconds, or the holding section may be by- 
passed by a 3/16-in. I.D. tube, which gives a holding time of about 1 second. 
The milk is metered to the heater by a small positive pump at a rate of 5.2 Ib. 
per minute. 

The cooling section consists of two lengths of 5/16-in. O.D., 16-gauge, polished 
stainless steel tubing enclosed in 14-in. standard iron pipes. 

Approximately 0.72 second is required for the milk to pass through each tube 
of the heating or cooling sections and about 0.3 second for each return bend. 
The volumes of the wells of the two high-temperature thermometers were in- 
eluded in caleulating the holding times. 

Source and treatment of the skimmilk. Most of the results reported in this 
paper were obtained on a single lot of bulked Grade A milk secured from a local 
souree. Additional lots of milk from the same source were used to corroborate 
certain aspects of the data, particularly the baking results. 

The fresh raw whole milk was put through a separator in which all parts 
coming in contact with milk were of stainless steel. The total solids and butterfat 
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contents of the skimmilk were determined by the Mojonnier method and the 
nitrogen distribution was obtained by the methods of Rowland (16) and Harland 
and Ashworth (5). The skimmilk was cooled and stored over night at 38° F. 
before processing. Sixty samples were secured from the tubular heater repre- 
senting six holding times, 0.96, 6.1, 15.7, 30.0, 63.6, and 96.9 seconds, and ten 
temperatures, 180°, 190°, 200°, 210°, 220°, 230°, 240°, 260°, 280°, and 290° F. 
Additional samples were heated at 300° F. for some holding times. Also, samples 
were heated at 170° and 185° F. for periods of 5, 10, 15, 20, and 30 minutes in 
stainless steel test tubes and a constant temperature water-bath as described by 
Harland et al. (7). 

Estimation of serum proteins. The undenatured serum protein content of 
the raw and heated milk samples was estimated, with minor variations, according 
to the turbidimetric method of Harland and Ashworth (6). In the present work 
the results are expressed in terms of percentage denaturation of the heat labile 
serum proteins. The standard reference curve was based on the turbidity secured 
with the raw milk used (no denaturation), with a portion of the same milk after 
heat treating for 20 minutes at the temperature of boiling water (100% dena- 
turation), and with appropriate mixtures of the raw and heated milk. The 
turbidity was developed in the diluted filtrates (2 ml. + 10 ml. saturated NaCl 
solution) by the addition of two drops of 10% HCl and inversion of the cuvette. 
The inversion was repeated before determination of the percentage transmission 
at 420 mu. 

Ortho-iodosobenzoate titer. The iodimetrie method of Larson and Jenness 
(13, 14, 15) was used to estimate the total sulfhydryl content of the raw milk 
immediately after separating and of the heated samples after storage at 35° F. 
for 3 days with occasional shaking to provide time for oxidation of the heat- 
activated -SH groups. 

Thiamine disulfide reducing capacity. The sulfhydryl content of each sample 
was estimated immediately after the heat treatment by the thiamine disulfide 
method of Harland and Ashworth (4). 

Acid ferricyanide reducing capacity. The extent of the browning reaction 
during the various heat treatments of the skimmilk was estimated by the Chap- 
man-MeFarlane ferricyanide method (1) essentially as modified by Choi et al. 
(2) except that a reaction time of 20 minutes at 50° C. and pH 6.6 was used as 
recommended by Crowe et al. (3). 

Bread baking tests. The standardized laboratory baking test, essentially as 
deseribed by Larson et al. (15), was employed to evaluate the quality of the 
fluid samples. In all cases 53.5 ml. of skimmilk was used per 100g. of flour 
(approximately equivalent to 5g. of solids). The bromate level was 1 mg. per 
100 g. of flour. The doughs were mixed for 2.5 minutes and fermented for 2 
hours. 

Two loaves from a single mixing of dough were baked for each heated sample 
of skimmilk on each of two different days. Thus, four loaves were obtained for 
each sample of skimmilk. Most of the heat treatments and baking tests were 
repeated on another lot of skimmilk. 
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EXPERIMENTAL RESULTS 


Composition of original skimmilk. The total solids and fat contents of the 
principal lot of skimmilk used in this study were 9.12 and 0.08% (Mojonnier), 
respectively. As shown in Table 1, the total nitrogen content (Kjeldahl) of the 


TABLE 1 
Kjeldahl nitrogen distribution in the skimmilk fractionated by two methods (mg. per ml.) 
Component Rowland Harland-Ashworth 
Total nitrogen 5.25 — 
Noneasein N 1.16 0.97 
Nonprotein N 0.26 0.26 
Total SPN “ 0.90 0.71 
Heat labile” SPN 0.69 0.64 
Per cent of SPN denaturable 76.5 90.3 


“Serum protein nitrogen. 
» Used synonymously with ‘‘denaturable’’ in this paper. 


skimmilk was 5.25 mg. per milliliter, and the total and heat labile serum protein 
nitrogen contents were, respectively, 0.71 and 0.64 mg. per milliliter according 
to the Harland-Ashworth procedure (3). 

Serum protein denaturation. The times and temperatures necessary to dena- 
ture 10, 75, and 80% of the heat labile milk serum proteins are shown in Figure 
2. There is a curvilinear relationship between the log of the time and the tem- 
perature for a given extent of serum protein denaturation. For 10% denatura- 
tion, a temperature of 175.5° F. is required for 1.0 minute, 192.5° F. for 0.1 
minute, and approximately 245° F. (extrapolated) for 0.01 minute. For 80% 
denaturation a temperature of 172.2° F. is required for 30 minutes, 196.2° F. 
for 3.0 minutes, and 298° F. for 0.3 minutes. Since 90.3% of the serum proteins 
in this lot of skimmilk was heat denaturable (Table 1), the curves in Figure 2 
designated 10, 75, and 80% denaturation actually represent, respectively, 9.0, 
67.7, and 72.2% denaturation of the total serum proteins. 

Ortho-iodosobenzoate titer. The times and temperatures of heat treatment 
necessary for rendering 20, 35, 50, and 65% of the milk serum protein —SH 
groups (IBRS) susceptible to oxidation by atmospheric oxygen are indicated 
in Figure 3. The raw milk contained 0.30 meq. of —SH per liter. For 20% 
activation of the -SH groups, a temperature of 177° F. is required for 100 
seconds, 194° F. for 10 seconds, or 223° F. for 1 second. Typical treatments 
necessary to promote oxidation of 65% of the -SH are 195° F. for 100 seconds, 
and 300° F. for 14 seconds. The maximum activation attainable is about 80% 
of the total (15). 

Thiamine disulfide reducing capacity. The times and temperatures of heating 
required for ‘‘liberation’’ of the ‘‘free’’ sulfhydryl groups (TDRS) from skim- 
milk are indicated in Figure 4. To secure 0.127 meq. of —SH per liter of milk, 
typical heat treatments requirea are 192° F. for 100 seconds, 220° F. for 10 
seconds, and 320° F. (extrapolated) for 1.0 second. Data are also presented for 
the treatments necessary to secure 0.159 meq. of -SH. The maximum -SH con- 
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TEMPERATURE, °F. 


Fig. 2. Relation between time and tem- Fie. 3. Relation between time and tem- 
perature required for various percentages of | perature required for activation of protein 
denaturation of the milk serum proteins as sulfhydryl groups in skimmilk as measured 
measured by the Harland-Ashworth method. by loss in iodosobenzoate-iodine reducing 

capacity. 


tent obtained was 0.178 meq. per liter, which is somewhat higher than any 
results previously reported (8). 


Acid ferricyanide reducing capacity. As shown in Figure 5, the higher heat 
treatments produced small amounts of the products of browning that reduce 
ferricyanide. To obtain a reducing capacity of only 5 <X 10° moles of ferro- 
cyanide per liter of milk, representative heat treatments are 246.5° F. for 50 
seconds, 275° F. for 25 seconds, and 293° F. for 10 seconds. Treatments at 
230° F. for as long as 30 seconds or at temperatures up to 280° F. for 6 seconds 
produce no measurable quantities of these reducing substances. 


Baking quality of skimmilk subjected to high-temperature, short-time heat 
treatments. The loaf volumes (most of the values represent the mean from eight 
loaves) are presented as a function of temperature for each of five holding times 
in Figure 6. The two lots of skimmilk used gave very closely comparable results. 
The minimum temperature necessary to secure a relatively satisfactory loaf 
volume of 740 ce., as read from the curves, was 218° F. for 97 seconds, 233° F. 
for 64 seconds, 250° F. (estimated) for 30 seconds, 260° F. for 16 seconds, and 
300° F. (extrapolated) for 6 seconds. These heat treatments are shown in Table 
2 with the corresponding percentage denaturation of the milk serum proteins. 
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perature required for activation of protein perature for the production of acid ferri- 
sulfhydryl groups in skimmilk as measured cyanide reducing substances in skimmilk. 
by inerease in thiamine disulfide reducing 

capacity. 


They are also plotted in Figure 7 in comparison with the heat treatments neces- 
sary for 80‘, denaturation of the heat labile serum proteins. It is apparent that 
there is not a constant relationship between the baking quality, as measured by 
loaf volume, and the extent of serum protein denaturation since the two curves 
diverge at higher temperatures. 


DISCUSSION AND SUMMARY 


These results were obtained for the most part on one lot of milk but have 
been confirmed with other samples and are believed to be representative. 

The present data extend to higher temperature ranges than those previously 
reported (7) for the time-temperature relationships in the heat denaturation of 
milk serum proteins. The previous data secured over the temperature range of 
145° to 175° F. indicated a straight line semi-logarithmie relationship of tem- 
perature to time at any given level of serum protein denaturation with a ‘‘Z’’ 
value of 13.5. Present data show that the relationship becomes curvilinear as the 
temperature increases with a ‘‘Z’’ value of approximately 19 at the temperature 
range of 175° to 194° F., and still higher at higher temperatures. Such eurvi- 
linearity is not unexpected in view of the multiplicity of proteins in the serum 
protein mixture and the possibilities for different reactions in different ranges 
of temperature. At higher temperatures the time required for any given degree 
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Fig. 6. Effeet of various high-temperature, short-time heat treatments on the baking qual- 
ity of skimmilk. 


of serum protein denaturation is greater than that indicated by an extrapolation 
of a plot based on data secured at lower temperatures. Obviously, such extrapo- 
lation should be avoided if the necessary data are obtainable. 

The only comparable data for serum protein denaturation in the range of 
times and temperatures covered in this study are those secured by Hetrick and 
Tracey (12) with the Mallorizer. They determined ‘‘albumin plus globulin’’ by 
the Rowland method, which should be comparable to the ‘‘heat labile serum pro- 
tein’’ reported herein. Their results tend to parallel ours but they report less 
drastic heat treatment for a given extent of denaturation. For example, for 75% 
denaturation, Figure 2 indicates that 1.7 minutes was required at 200° F., but 
Hetrick and Tracy’s data indicate that this extent of denaturation was accom- 
plished with 0.9 minutes at 200° F. The reason for such a large discrepancy is 
not known. 

The heat treatments necessary for the production of near maximum amounts 


TABLE 2 
Heat treatments of milk that are adequate for bread baking and the 
corresponding percentage denaturation of the serum proteins 


Denaturation of serum 


Time* Temperature“ proteins 
(sec.) (%) 
97.0 218 84 
64.0 233 85 
30.0 250° 77 
16.7 260 71 
6.0 300° 67 


“Time and temperature required fer a loaf volume of 740 ee. 
Estimated. 
Extrapolated value. 
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Fig. 7. Time temperature relationships for 80% denaturation of the milk serum proteins 
and a loaf volume of 740 ee. 


of free sulfhydryl groups in skimmilk have been defined. These data should be 
of interest to manufacturers of dry whole milk where maximum resistance to 
oxidation is desired. The time which is required at any given temperature to 
cause a measurable amount of sugar-protein interaction (AFRS) is about the 
same as that necessary to produce essentially maximum SH activity. The down- 
ward curve obtained in the log-time-temperature plot is evidence that the sugar- 
protein interaction may be, to some extent, ‘‘autocatalytic,’’ or that other reac- 
tions come into play at higher temperatures. Close to maximum SH activity can 
be obtained with little AFRS production. Additional heat treatment produces 
relatively large amounts of AF RS with little increase in SH aetivity. 

The loaf volume depressant factor in skimmilk ean be inactivated sufficiently 
by high-temperature, short-time heating to secure satisfactory loaf volume. The 
holding time required decreased with increase in temperature. Some evidence is 
presented that inactivation of the loaf depressant factor is not proportional to 
total serum protein denaturation. Nevertheless, a specification of 80-85% serum 
protein denaturation should insure adequate baking quality. 
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LEUCINE METABOLISM OF STREPTOCOCCUS LACTIS VAR. 
MALTIGENES. |. CONVERSION OF ALPHA-KETOISOCAPROIC ACID 
TO LEUCINE AND 3-METHYLBUTANAL 


PATRICIA MacLEOD inp M. E. MORGAN 
Department of Animal Industries, Storrs Agricultural Experiment Station 
Storrs, Connecticut 


Streptococcus lactis requires leucine for multiplication (7, /0), but no report 
has been found regarding the leucine requirement of S. lactis var. maltigenes, 
which according to Hammer and Baker (6) is capable of producing a malty 
aroma in milk cultures. Jackson and Morgan (8) identified the substance re- 
sponsible for the malty defect as 3-methylbutanal, the preeursor of which was 
found to be leucine. 

The present work is a study of: (a) the essentiality of leucine for S. lactis 
var. maltigenes, (b) the ability of the a-keto acid analog of leucine to substitute 
for the amino acid, (¢c) the production of a-ketoisocaproic acid from leucine by 
resting cells of S. lactis and S. lactis var. maltigenes, and (d) the formation of 
leucine from its keto acid analog in the presence of glutamic acid by resting cells 
of S. lactis and 8. lactis var. maltigenes. 


EXPERIMENTAL PROCEDURE 


Cultures. Two strains of S. lactis and three strains of S. lactis var. maltigenes 
isolated from raw milk samples were used in the leucine requirement experiment. 
Throughout the study the cultures were maintained in sterile homogenized milk. 
The three malty strains produced a malt-like aroma in milk but otherwise be- 
haved similarly to the S. lactis cultures with respect to multiplication at 10°, 40°, 
and 45° C. and ammonia production from arginine. The two nonmalty strains 
were designated L, and L,, and the three malty strains as M,, M,, and M,,. In 
the experiments involving the biosynthesis of leucine from a-ketoisocaproic acid 
only two cultures, L., and M,, were used because of the limited quantity of the 
keto acid available. 

Synthetic media. The basal synthetic medium used throughout was that of 
Niven (1/0) modified as follows: (a) The proportions of the amino acids found 
in casein (5) were substituted at levels comparable to those in casein hydrolyzate, 
and (b) sodium acetate and sorbitan monooleate were added to the medium as 
recommended by Collins et al. (4). The media were adjusted to pH 6.8, tubed 
in 10-ml. amounts and autoclaved at 15 Ib. (121° C.) for 11 minutes. A solution 
of asparagine and glutamine was sterilized by filtration and added aseptically 
to the tubes subsequent to autoclaving. 
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Nutritional studies involved five synthetic media: (a) complete basal, (b) 
basal minus leucine, (c) basal minus isoleucine, (d) basal minus valine, and 
(e) basal minus leucine plus sodium a-ketoisocaproate. In preparation of the 
latter the sodium salt of the keto acid was added to autoclaved b and the medium 
was resterilized by filtration. The media were incubated at 32° C. for 48 hours 
before inoculation to insure sterility. 

Inoculation technique and growth measurement. Each medium was inoculated 
originally with a 4-mm. loopful of an 18-hour milk culture and incubated at 
32° C. for 48 hours. This was followed by three serial 48-hour subcultures in 
each medium, one loopful of the previous 48-hour culture being used as the 
inoculum. The growth responses of the various strains after four transfers in 
the different media were expressed as per cent light transmission as measured 
in a Coleman Universal spectrophotometer at 610 mz. 

Preparation of resting cell suspensions. Saline suspensions of S. lactis and 
N. lactis var. maltigenes were prepared from agar slants. Two ml. of these sus- 
pensions was added to penicillin culture bottles containing 125 ml. of trypticase 
soy agar (B.B.L.) supplemented with 0.5% lactose, 0.5% agar, and 0.0001% 
pyridoxal hydrochloride. The agar cultures were incubated for 15 hours at 37° C. 
and the cells were harvested and washed thoroughly in 0.67 M phosphate buffer 
at pH 7.0 (14). Approximately 1-ml. quantities of packed cells were suspended 
in 25 ml. of either phosphate buffer at pH 7.0 or Tris [2 - amino-2-(hydroxy- 
methy])-1,3-propanediol| at pH 8.3 containing: (a) 10mg. L-leucine, (b) 5 mg. 
sodium a-ketoisocaproate and 10 mg. L-glutamic acid, and (¢) no substrate added. 
The suspensions were incubated for 2 hours at 37° C. 

Chromatographic analysis of acid and neutral carbonyl derivatives. After 
the ineubation period the cells were removed by centrifugation. Ten ml. of 2% 
2.4-dinitrophenylhydrazine in 2 N HCl was added to 23 ml. of the clear super- 
natants. (The remainder of each supernatant was reserved for amino acid 
chromatography.) These mixtures were allowed to remain at room temperature 
for 1 hour. The 2,4-dinitrophenylhydrazones were extracted with ether and the 
ether was evaporated. The acid and neutral hydrazones were then partitioned 
between 1 N ammonium hydroxide and chloroform as recommended by Cavallini 
and Frontali (3). The volume of the ammonium hydroxide was limited to 4-6 ml. 

The ammonia extracts were spotted in 0.04-ml. amounts on sheets of Whatman 
No. 1 paper. The papers were formed into cylinders and chromatographed in 
evlindrical jars as described by Jackson and Morgan (8). The developing solvent 
was n-butanol-ethanol-water (4:1:5 by volume, 3). The papers were allowed to 
equilibrate in the presence of the aqueous phase from 1 to 2 hours before the 
aleohol-rich phase was added. 

The chloroform extracts were evaporated to dryness over hot water and the 
residues were taken up in 2ml. of benzene-heptane (1:1 by volume). Each 
benzene-heptane cxtract was freed of excess 2,4-dinitrophenylhydrazine by ad- 
sorption on a 15 X 60mm. column of anhydrous magnesium sulfate. The de- 
rivatives were eluted from the column with additional solvent under 3 to 5 Ib. 
air pressure. The derivative solutions were evaporated to a volume of 2 ml. and 
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spotted in 0.04 ml. quantities on Whatman No. 1 paper. The neutral carbonyl 
2,4-dinitrophenylhydrazones were chromatographed in methanol heptane (1:2 
by volume) by the method of Heulin (7). 

Chromatographic analysis of amino acids. The clear supernatants were 
spotted in 0.04-ml. quantities on a 644, < 1914 in. strip of Whatman No. 1 paper. 
The paper was allowed to equilibrate in an atmosphere of ammonia and phenol- 
saturated water for 1 hour, developed with water-saturated phenol for 24 hours 
by the descending technique, dried, and sprayed with 0.1% solution of ninhydrin 
in ethanol. The paper was kept in the dark for 24 hours before examination for 
amino acid spots. 


RESULTS AND DISCUSSION 


The growth responses of the test cultures after the fourth transfer in the 
five synthetic media as measured by per cent [ght transmission are given in 
Table 1. These indicate the essentiality of leucine, isoleucine and valine for the 
five cultures, and the ability of a-ketoisocaproate to fulfill the leucine require- 
ment for cultures L, and M,. 


TABLE 1 


Essentiality of leucine, isoleucine, and valine for 8S. lactis and 8S. lactis var. 
maltigenes and the replacement of leucine with a-ketoisocaproate 


Media 
Basal Basal Basal Basal minus 
minus minus minus leucine plus a- 
Cultures Basal leucine isoleucine valine ketoisocaproate 
42 43° 100 100 98 44 
131 37 100 100 99 
Ml 48 100 100 98 51 
M3 53 100 100 99 


M22 45 98 98 100 


“ Per cent light transmission. 


Strassman ef al. (11), in studying the biosynthetic mechanisms involved in 
the formation of valine, leucine, and isoleucine in Torulopsis utilis, using isotopic 
methodology, found evidence that the leucine carbon chain consisted of an acetyl] 
group attached to the isobutyl moiety of valine. The pathway of leucine biosyn- 
thesis as proposed by them involves the condensation of the methyl carbon of 
acetyl CoA with a-ketoisovalerate to yield an hydroxy acid, which was converted 
to a-ketoisocaproic acid, and this by transamination with glutamic acid was con- 
verted to leucine. The results in Table 1 indicate that neither isoleucine nor 
valine satisfies the leucine requirement of SN. lactis and S. lactis var. maltigenes 
and strongly suggest that both convert a-ketoisocaproate to leucine. 

Further evidence of this is shown in B and C of Figure 1, which is a tracing 
of the chromatogram of the amino acids involved when resting cells of the lactic 
cultures were incubated at 37° C. for 2 hours at a pH of 8.3 with a-ketoisocapro- 
ate and glutamie acid. Although other amino acids spots, viz., alanine, appeared 
on the original chromatogram, they were not considered significant because the 
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Fig. 1. Chromatogram of L-glutamic acid and L-leucine (A); and of leucine formed during 
incubation of S. lactis var. maltigenes and S. lactis cells with a-ketoisocaproate in the presence 
of glutamic acid (B) and (C) and with no substrate added (D) and (E). (Approximately 
l-ml. packed cells suspended in 25-ml. of buffer with 10 mg. of L-amino acid and 5 mg. q-keto- 
isocaproate. ) 


controls D and E showed corresponding spots. Much larger amounts of leucine 
were noted in B and C than in the controls D and £. This constitutes direct 
evidence of the biosynthesis of leucine from a-ketoisocaproate and suggests that 
both organisms possess amino acid transaminase. Bonner (2), Umbarger and 
Adelberg (1/2), and Umbarger and Magasanik (73) have reported that mutant 
strains of Escherichia coli and Neurospora crassa have the ability to form amino 
acids from their keto acid analogs. 

If the amino group from glutamic acid is transferred to a-ketoisocaproate, it 
would be expected that leucine and a-ketoglutaric acid would result. Judging 
from the size and intensity of the spot of the 2,4-dinitrophenylhydrazones of the 
acid carbony! fractions as shown in Figure 2, there appeared to be little or no 
increase in a-ketoglutaric acid formation in F and G over that in D, EF, H, and J. 
It is possible that some of the a-ketoglutaric acid had undergone degradation 
and the products of such degradation were not demonstrable by the method used. 
The fact that both organisms form a-ketoisocaproic acid from leucine is demon- 
strated in D and E of Figure 2. This is indicative of the reversibility of the keto 
acid to amino acid reaction. 
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Fig. 2. Chromatogram of 2,4-dinitrophenylhydrazones of a-ketoglutaric acid (A), pyruvie 
acid (B), and a-ketoisocaproie acid (C); and of the acid-earbonyl compounds formed during 
incubation of S. lactis and S. lactis var. maltigenes cells with L-leucine (D) and (E), a-ketoiso- 
caproate plus L-glutamie acid (F) and (@) and no substrate added (H) and (LL). (Approxi- 


mately l-ml. packed cells suspended in 25 ml. of buffer with 10 mg. L-amino acids and 5 mg. 
a-ketoisocaproate. ) 


The two spots appearing in B of Figure 2 may be explained by isomerization 
of the phenylhydrazone of pyruvie acid (3). This tendency to separate into two 
forms was also noted in the present work with a-ketoisocaproate and accounts 
for elongation of spots of this compound in C, F, and G. 

The dependency on pH of the amino acid transaminase of NS. lactis and 8. 
lactis var. maltigenes cells does not appear to be very great, as judged from a 
limited number of experiments run with these organisms. No more activity was 
observed at pH 8.0-8.5 than at 7.0-7.5. These results indicate a similarity between 
these organisms and NS. faecalis, as reported by Lichstein et al. (9). 

The 2,4-dinitrophenylhydrazones of the neutral carbonyl compounds formed 
when cells of S. lactis and SN. lactis var. maltigenes were incubated with L-leucine 
and its keto acid analog are shown in Figure 3. Spots of a derivative which ran 
with a known derivative of acetone appeared in all preparations. This is at 
variance with the results of Jackson and Morgan (8), who in a similar experiment 
found acetaldehyde but no acetone in all instances. There appears to be no valid 
explanation of this difference at present. It is evident from EF and @ in Figure 5 
that S. lactis var. maltigenes converts both the amino acid and the keto acid to 
3-methylbutanal, which has been identified by Jackson and Morgan as the com- 
pound responsible for the malt-like aroma and f‘avor of milk cultures of S. lactis 
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Fic. 3. Chromatogram of 2,4-dinitrophenylhydrazones of acetaldehyde (A), acetone (B), 
3-methylbutanal (C) and of the neutral carbonyl compounds formed during incubation of S. 
lactis and S. lactis var. maltigenes cells with L-leucine (D) and (E), a-ketoisoeaproate plus 
L-glutamic acid (F) and (G), and no substrate added (H) and (1). (Approximately 1-ml. 
packed cells suspended in 25 ml. of buffer with 10 mg. L-amino acids and 5 mg. a-ketoisocapro- 
ate.) 


var. maltigenes. S. lactis, on the other hand, formed no aldehyde from L-leucine 
and little or none from the keto acid. This indicates an important physiological 
difference in the two organisms. These results suggest possible pathways of 
leucine degradation by the two organisms, which may be schematically repre- 
sented as follows: 


I lil IV 
Leucine a-ketoisocaproi¢c acid 3-methylbutanal — other products 


other products 


The present work has established that both organisms possess the mechanism 
for step I and that NS. lactis var. maltigenes follows steps I and III. 8. lactis 
may degrade leucine through steps I, III, and IV or alternatively through [ 
and II. Further investigation of the degradation of a-ketoisocaproic acid by 
S. lactis and SN. lactis var. maltigenes is in progress. 


SUMMARY 


S. lactis and S. lactis var. maltigenes require leucine, isoleucine, and valine 
for multiplication. Evidence is presented which indicates that a-ketoisocaproic 
acid satisfies the leucine requirement of both organisms. 

Resting cells of the two organisms synthesize leucine from a-ketoisocaproate 
in the presence of glutamic acid. The malty variant also converted the keto acid 


1214 PATRICIA MacLEOD AND M. E. MORGAN 


as well as leucine to 3-methylbutanal. Although both organisms were shown to 
degrade t-leucine to a-ketoisocaproice acid, S. lactis formed little or none of the 
malty aldehyde from either the amino or the keto acid. 

The physiological difference between SN. lactis and its malty variant appears 
to lie either in a difference in ability to decarboxylate a-ketoisocaproic acid or 
in ability to degrade 3-methylbutanal. 
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ISOLATION AND CHARACTERIZATION OF SOME OXIDATION 
PRODUCTS ASSOCIATED WITH OXIDIZED FLAVOR! 


R. R. RIEL* H. H. SOMMER®* 


Department of Dairy and Food Industries, University of Wisconsin, Madison 


Oxidized flavor is a troublesome defect in some dairy products. The work 
of Thurston and Barnhart (35) has indieated that milk lecithin is the source of 
the flavor. Swanson and Sommer (33) have shown that the development of the 
_ oxidized flavor is primarily due to the partial oxidation of the milk phospholip- 
ids. In this paper the expression ‘‘oxidized fiavor’’' consequently refers to 
the defect resulting from the partial oxidation of the milk phospholipids. 

The purpose of this study was to isolate and characterize some of the steam 
distillable compounds from oxidized milk phospholipids. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Isolation of milk phospholipids. Milk phospholipids were separated from 
dried buttermilk (Land O’ Lakes, Minn.) by ethanol-ether extraction and then 
purified by fractional precipitation with acetone. This was accomplished by 
placing 500 ml. of 1:1 ethanol-ether mixture and 500 ¢. of the dry buttermilk in 
a 1-gal. glass jar and shaking the mixture mechanically for 3 hours. The extract 
was filtered and then concentrated by distilling off the solvent. The recovered 
solvent was used in the extraction of subsequent lots. To the fatty residue in the 
distilling flask, acetone was now added, the fat going into solution and the phos- 
pholipids remaining undissolved. After decanting off the acetone-fat solution 
(containing a minimum amount of the original ethanol-ether), the phospholipid 
residue was purified as follows: The residue was dissolved by the addition of 
ether and with the aid of mechanical agitation. The aim was to use only enough 
ether to effect complete solution. To this solution, acetone was added with stirring 
to precipitate the phospholipids, and acetone addition was continued until the 
precipitation appeared to be complete. The white precipitate was recovered by 
filtration. This purifying procedure was repeated four more times. Finally the 
white precipitate was dried acetone-free in a vacuum desiccator. The yield was 
0.4% of the buttermilk powder. Twenty-eight g. of purified phospholipids were 
so prepared and stored under vacuum at 0-5° C. The isolated phospholipids 
may have been contaminated with triglycerides, since they were later found to 
contain 3.68% phosphorus and 1.64% nitrogen. 
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Oxidation of the phospholipids. For the purpose of oxidation, a 0.04% 
phospholipid suspension was prepared and submitted to a multiplicity of treat- 
ments. Effects of vitamin C, copper and heating on the oxidation of the phospho- 
lipid suspension were studied. As shown in Table 1, the more intense oxidized 
flavor was obtained when copper and vitamin ( were added to the suspension, 
the mixture heated to 87° C. for 10 minutes and stored for 24 hours at 0-5° C. 
This procedure was adopted for the preparation of the subsequent batches of 
oxidized phospholipid suspension. 


TABLE 1 
Effects of different treatments on oxidized flavor development in phospholipid suspensions 


Degree of oxidized flavor 


Treatment of 100 ml. 0.04% phospholipid 24 hours 48 hours 
Nil Ss Ss 
25.0 mg. vit. C + ++ 
3.0 p.p.m. copper ++ Pr 
25.0 mg. vit. C + 3.0 p.p.m. copper +++ ++++ 
3.0 p.p.m. copper + 87° C/10 min. t++4 +++ 
3.0 p.p.m. copper + 25.0 mg. vit. C + 87° C/10 min. a ak ot ++-+++ 


S = Slight oxidized flavor. 
+= Increasing degree of oxidized flavor. 


Steam distillation of oxidized flavor compounds. Batches (1 1.) of oxidized 
phospholipid suspension were steam distilled in conventional manner from a 3-l. 
round bottom flask. Distillate was collected at a rate of 1 ml. per minute to a 
total of 500 ml. per batch. A batch of nonoxidized phospholipid steam distilled 
in a similar manner gave a distillate that was negative to the 2,4-dinitrophenyl- 
hydrazine test. Oxidized phospholipid suspension and steam distillate from 
oxidized phospholipid suspension, added to milk samples at the rate of 2% and 
5% , had the immediate effect of establishing a typical oxidized milk flavor. 

Chemical properties of distillate. A series of chemical tests was run repeatedly 
on the distillate, and typical data are summarized in Table 2. 

Formation of derivatives. The typical odor of oxidized flavor was lost by 
virtue of the 2.4-dinitrophenylhydrazine reaction. This indicated that the ear- 


TABLE 2 
Chemical properties of fractions resulting from the steam distillation 
of an oxidized phospholipid suspension 


Water Oxidized 
Test on 10 ml. sample control Residue Distillate suspension 
TBA* (13) 0.000 0.045 0.160 0.202 
Potassium permanganate” (23) 0 S 10 20 
Bromine” (23) i) 3 6 7 
Iodoform (23) slight slight 
Ferrie chloride (23) 
2,4-dinitrophenylhydrazine (23) + 


* Optical density at 535 mu. 
” Drops of reagent needed. 
— Negative. 

+ Positive. 
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bonyl compounds are significant contributors to oxidized flavor. This was also 
supported by the fact that the steam distillate of a nonoxidized phospholipid 
suspension did not give rise to any hydrazone formation. 

Unknown derivatives were prepared by collecting the steam distillate into a 
half saturated acid-ethanolie solution of 2,4-dinitrophenylhydrazine. The steam 
distillate collected into the hydrazine solution was in the ratio of 10 to 1 (by 
volume). Some formation of hydrazones occurred immediately. The pH of the 
solution was brought below 3.5 with hydrochloric acid and the mixture was kept 
at 0-5° C. for 2 days. The hydrazones were collected by suction on a sintered 
glass filter crucible and dried. The solid hydrazones were finally dissolved out 
of the filter with ethyl ether. The ethereal solution of hydrazones was kept for 
chromatographic separation. 

Known derivatives of formaldehyde and acetone were prepared by a minor 
modification of the method deseribed by McElvain (23). 

Chromatographic separation of 2,4-dinitrophenylhydrazones. Bentonite (Fish- 
er Scientific Co.) and Celite (Johns-Manville Co. No. 545) were mixed in a 2 to 1 
ratio (by weight) and activated at 200° C. for 24 hours. The column was pre- 
pared in a Pyrex tube, 12mm. X 30em. The bottom was plugged with a filter 
paper dise over a perforated rubber stopper fitted with a 3-mm. glass tube outlet. 
A slurry of the adsorbent was prepared with ethyl ether and poured into the 
column. After partial settling, a filter paper dise was placed on top of the 
adsorbent to prevent disintegration of the column. A pressure of 40 cm. of mer- 
cury was applied until all the supernatant ether had percolated into the ad- 
sorbent. 

One ml. of a saturated ethereal solution of the hydrazones mixture was 
pipetted on top of the column. The pressure was applied until the solution had 
percolated. Three 0.5-ml. portions of developing solvent (5% acetone in ethyl 
ether) were successively allowed to percolate with pressure in order to rinse in 
all the hydrazones. Then the column was filled to the top with the developing 
solvent, and the pressure was applied during the development of the chromato- 
gram. Five bands were well resolved, and their colors in order of their elution 
were: yellow, red, orange, orange, red. The first three bands were eluted through 
the column. Only the center of the eluted bands was collected as fractions. The 
intensity of the fourth band was not sufficient to permit the collection of enough 
material for characterization purposes. The bands were identified as fraction 
numbers in order of their elution. By the time the first three bands were eluted, 
the last band was still at the top of the column. It was eluted with ethanol after 
extruding and sectioning the column. About 100 chromatograms were so de- 
veloped in order to obtain enough material for characterization. Although the 
hydrazones were not recorded quantitatively, the yield was approximately 500 
mg. The predominance of the fractions was in the following order: Fraction 1, 
Fraction 3, Fraction 5, Fraction 2. To attain purification, each fraction was 
chromatographed independently in a similar manner. 

Recrystallization of the hydrazones. The hydrazone solutions were filtered, 
concentrated, and reerystallized from ethanol until constant melting points were 
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obtained (23). Fraction 1 did not erystallize from ethanol but remained as a 
dark red oil. Various solvents were tried, and the methanolic solution was found 
to yield satisfactory crystallization. Ethanolie solutions of 2,4-dinitrophenylhy- 
drazones are known to change from yellow to red or to blue when they are made 
alkaline (27, 32). This test was found positive and to give a reddish color when 
performed on each purified derivative. 

X-ray diffraction. The X-ray diffraction data for the 2,4-dinitrophenylhydra- 
zones of the four fractions and of undecanal were obtained with the use of the 
FeK, radiation. The X-ray data for the derivatives of Fraction 3 and of unde- 
canal had some similarity. 

Melting point. A copper-constantan thermocouple was used for the deter- 
mination of the melting points in a 2.0 < 3.5 X 3.5-in. magnesia hot stage some- 
what similar to that deseribed by Vold and Doscher (37). The thermocouple 
was satisfactorily calibrated with a series of chemical compounds of available 
purity. The melting point of the fractions, determined in the same manner, was 
reeorded in Table 3, which includes also the color and form of the erystals as 
observed under the microscope. 

Spectral transmittancy of the 2,4-dinitrophenylhydrazones. The transmit- 
taney spectra of the 2,4-dinitrophenylhydrazones of the four fractions, acetone, 
and formaldehyde were taken in the ultraviolet range with a Beckman model 
DU spectrophotometer. The solvent used was 95% ethanol except for Fraction 1, 
which was in absolute methanol. A Corning No. 9863 Red-Purple Corex A filter 
was used between 320 and 400 mp. The concentrations were adjusted at 356 mp 
to the following optical densities: Fraction 1, 0.31; Fraction 2, 0.24; Fraction 
3, 0.32; Fraction 5, 0.29; acetone, 0.22; formaldehyde, 0.40. The transmittancy 
eurves for the above compounds are shown in Figure 1. The absorption maxima 
observed were at 365 mu for Fraction 1, 366 for Fraction 2, 358 for Fraction 3, 
368 for Fraction 5, 358 for acetone (literature, 360), 348 for formaldehyde 
(literature, 349). The light absorption maximum observed for the 2,4-dinitro- 
phenylhydrazone of undeeanal in 95% ethanol was at 358 mp (optical density 
0.30). 

Elemental analyses. The elemental percentages as found and caleulated for 
the 2,4-dinitrophenylhydrazones of the fractions 2, 3, and 5 are presented in 
Table 3. The data for Fraction 1 clearly were not satisfactory or adequate to 
account for the recorded properties, thus these data have been omitted. 


DISCUSSION 


The production of oxidized flavor compounds by oxidizing milk phospho- 
lipids is justified by the evidence in the literature that oxidized flavor in milk 
has its souree in the phospholipid fraction. Josephson and Doan (17) were able 
to produce a typical oxidized flavor by heating a suspension of phospholipid in 
the presence of copper. 

Steam distillation has been used by Mohr and Wellm (24) to isolate the 
oxidized flavor compounds as they oceur in milk, but they did not sueeeed in 
identifying the substances on account of the small quantities involved. 
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Fig. 1. Spectral transmittaney of 2,4-dinitrophenylhydrazones of: (—————-), acetone; 
(— — —), formaldehyde; (—-—-— ), Fraction 1; (-— -— — —-), Fraction 2; (— - — -), 
Fraetion 3; (- +++), Fraetion 5. 


Flavor compounds arising from oxidized butterfat have been characterized 
in several instances. Iselin (16) claimed that the carriers of the organoleptic 
rancidity in animal fats are epihydrinaldehyde and free aldehydes such as 
enanthaldehyde (heptanal) and pelargonaldehyde (nonanal). Mundinger (26) 
obtained a positive 2,4-dinitrophenylhydrazine reaction in the steam distillate 
of oxidized butterfat. Van der Waarden (36) indicated the presence of epihy- 
drinaldehyde, methyl] ketones, and aliphatic unsaturated C, to C, aldehydes in 
the flavoring material of cold storage butter. He pointed out that the off flavor 
from butter could not be extracted with water. In line with this, Mulder et al. 
(25) observed that cold-storage defects are located in the fat whereas the metallic 
flavor compounds in butter are located in the serum. Henick (14) showed by 
infrared spectrophotometry that simple ketones and aldehydes and a conjugated 
ketone developed during the autoxidation of milk fat. 

While this work was in progress, Keeney and Doan (18, 19, 20) reported 
their classical isolation from oxidized milk fat of four carbonyl compounds which 
had the following empirical formulae: C,,H,.,0., C;H,.0, C,H,,O, and C,,H.,...0. 
The first compound has been postulated to be 2-hydroxypropanal. The others 
have been characterized as unsaturated carbonyl compounds, the C, and the C, 
being ketones. They obtained C,,H,.O (a-8-unsaturated carbonyl) upon pro- 
longed distillation of oxidized milk fat. Kende (21) suggested that the tallowy 
taste in milk was due to elaidin. 

In this study, the positive 2,4-dinitrophenylhydrazine reaction and the subse- 
quent separation of 2,4-dinitrophenylhydrazones prove the presence of at least 
five carbonyl compounds in oxidized phospholipid. Unsaturation among these 
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compounds is suggested by the positive bromine and potassium permanganate 
tests. A slight positive iodoform test is suggestive of the presence of a small 
amount of methyl ketone (s). The Benedict’s test was negative, but, in view of 
the limited sensitivity of this test, the possibility of the presence of aldehyde 
among the flavor compounds is not eliminated. 

Melting point properties for the identification of hydrazones are not too 
reliable. The diagnosis becomes complicated by the fact that many 2,4-dinitro- 
phenylhydrazones have been reported to exist as modifications (7, 4, 5, 6, 7, 8, 9, 
11, 12, 15, 22, 30) and to form solid solution with one another (2). 

It has been indicated that the color is an indication of the degree of unsatu- 
ration in the carbonyl compound (3, 10, 28, 394). According to Braude and Jones 
(3), derivatives of straight-chain saturated carbonyl compounds absorb at 356- 
360 mp, whereas when the unsaturation is conjugated with the carbonyl group, 
the maximum light absorption is found in the region of 370 to 380 mp. Roberts 
and Green (28) observed also that the increasing degree of unsaturation in the 
parent carbonyl compound causes shifts of the absorption maxima toward the 
longer wave lengths. They concluded from the study of 20 2.4-dinitropheny]- 
hydrazones that the compounds with double bonds conjugated with the imino 
linkage absorbed at 377-379 mp and those without conjugation absorbed at 
349-363 muy. 

Elemental analyses indicated that the hydrazone of Fraction 2 (m.p. 85° C.) 
was that of a fifteen-carbon di-wisaturated carbonyl compound with two non- 
carbonyl oxygen atoms. The light absorption maximum of 366 mp indicates 
unsaturation with no double bonds conjugated with the carbonyl group (3, 28). 

It is postulated that the hydrazone of Fraction 3 (m.p. 103° C.) was derived 
from undeeanal. Both derivatives absorbed light at the same wave length. Their 
melting point, color, crystal form, elemental percentages, and X-ray diffraction 
data had great similarity. The limited quantity of the unknown fraction did not 
permit the determination of mixed melting point and other properties. 

The melting point (333° C.) of Fraction 5 indicated a bis-hydrazone. The 
derivative, however, gave a reddish color when tested in alcoholic sodium hydrox- 
ide. According to Stadtman (32), the formation of red color in alkaline aleohel 
is characteristic of simple aldehyde and ketone 2,4-dinitrophenylhydrazones, 
whereas the formation of blue color is generally associated with 2,4-dinitrophenyl- 
hydrazones such as bis-hydrazones. Neuberg and Strauss (27) have reported 
monohydrazones such as nitrophenylhydrazones giving high melting point and 
reddish color in sodium ethylate. On the assumption that the elemental analyses 
for this compound are valid, the parent compound caleulated to correspond to a 
bis-hydrazone would be C,..H,.N,O.. The parent compound calculated to a mono- 
hydrazone would be C,,H,.N.O. In both cases the parent compound is shown 
to contain nitrogen. If we assume that the nitrogen determination was inéorrect 
and that the unknown compound contained no nitrogen, the hydrazone should 
contain O and N atoms in like numbers. Apportioning the unaccounted fraction 
|100 — (53.30 + 6.08) = 40.62] on the above basis would lead to 18.96% N and 
21.66% O. On this basis the parent compound would correspond to C,H,,O 
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(elemental percentages of derivative: 54.89 C, 5.92 H, 18.29 N, 20.89 O) 
as a monocarbonyl compound and to C,,H..O. (elemental percentages of deriva- 
tive: 53.05 C, 6.17 H, 19.04 N, 21.75 O) as a dicarbonyl compound. The 
light absorption maximum at 368 mp indicates that there is no unsaturation 
conjugated with the carbonyl group (s). The data for Fraction 5 do not seem 
substantial enough to permit a single postulation for the parent compound.’ 
The adsorption of the hydrazones on bentonite falls in line with the findings 
of Smith and LeRosen (37) that the degree of adsorption paralleled inversely 
the length of the side chain. In this study the significant role of carbonyl com- 
pounds in the oxidized flavor as developed has been indicated. The same major 
earbonyl compounds were constantly formed upon limited oxidation of phospho- 
lipids. This is based upon the observation that five different bands of 2,4-dinitro- 
phenylhydrazones resulting from the distillation of different batches of oxidized 
phospholipids have appeared with identical characteristics over the development 
of some 100 chromatograms. Further study, involving the isolation of the flavor 
compounds in larger quantity and the synthesis of the parent compounds to 
establish the exact structure of the oxidized flavor compounds, will be needed. _ 


* One reviewer of this paper pointed out that in view of its strong adsorption on bentonite 
this compound might have been rearranged or decomposed by the time it was eluted. 


SUMMARY 


The limited oxidation of milk phospholipids yielded material which repro- 
duced the typical oxidized flavor in milk. Isolation and characterization of the 
major oxidized flavor compounds showed that they are predominantly carbony] 
compounds. Five different carbonyl compounds were evidenced by chromatogra- 
phy. The empirical formulae calculated for three compounds were C,,H..,0., 
C,,H..0, C..H,.N,O. (as bis-hydrazone) and C,,.H,,.N.O (as monohydrazone ). 
There is indication that the C,. was a di-unsaturated ketone without conjugation. 
The C,, was presumably undeeanal. 
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A METHOD FOR THE STUDY OF CELLULOSE DIGESTION BY 
WASHED SUSPENSIONS OF RUMEN MICROORGANISMS’ 


E. W. CHENG, GLEN HALL, anp WISE BURROUGHS 


Department of Animal Husbandry, Iowa Agricultural Experiment Station, Ames 


Several methods have been developed for the study of in vitro cellulose diges- 
tion of the ruminant. Marston (9) used a procedure which appeared to simulate 
closely the natural environment in the rumen. His method was later improved 
by Louw ef al. (8) by incubating rumen fluid in a semi-permeable bag suspended 
in a large volume of aqueous growth medium. This improved method prevents 
the accumulation of digested end-products, such as volatile fatty acids, in the 
bag so that the rate of digestion will not be inhibited. .\ similar method on a 
smaller seale was devised by Huhtanen et al. (5). Another artificial rumen tech- 
nique was developed by Burroughs et al. (1) for the study of cellulose digestion. 
In this method the rumen inoculum was diluted each day so that the nutrients 
originally present in the rumen fluid were gradually exhausted, thus making this 
method quite critical in evaluating the comparative merits of different feeds as 
sources of unidentified factors (10). One limitation of this method, however, was 
the time required (5 to 10 days) in completing the fermentation test. Therefore, 
it appeared desirable to develop a method which not only would be sensitive 
enough to detect the effect of small amounts of unidentified factors stimulatory 
to cellulose degradation but at the same time would require a shorter fermenta- 
tion period. To meet these requirements a method using washed suspensions of 
rumen microorganisms was developed. A description of this technique together 
with some of the factors that have been found to influence the rate of cellulose 
digestion by rumen microorganisms is presented in this paper. 


EXPERIMENTAL PROCEDURE 


Rumen contents obtained from a fistulated steer were strained through four 
layers of cheesecloth, which constituted the first step in obtaining the rumen 
inoculum in liquid form. In a typical experiment 1,200 ml. of rumen fluid were 
collected from a fistulated steer. It was centrifuged at a speed of about. 1,000 
r.p.m. for 1 minute. By this process partially digested feed particles in the 
liquid as well as most of the protozoa were sedimented and were discarded. The 
supernatant was then centrifuged again at a speed of 5,000 r.p.m. for 20 minutes 
(a Sharples super-centrifuge operating at a speed of 25,000 r.p.m. was found 
preferable when large volumes of rumen fluid were used). The resulting sedi- 
ment, consisting principally of rumen bacteria, was suspended in 360 ml. of 
distilled water or a phosphate buffer at pH 7.0 and centrifuged again for 20 
minutes at 5,000 r.p.m. The washing was repeated once more. The final sediment 
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TABLE 1 
Composition of nutrient solution 
Chemicals g. per 2 liters 
NazsHPO, 0.631 
KH-PO, 0.303 
NaHCO; 5.25 
KCl 0.75 
NaCl 0.75 
MgSO. 0.225 
CaCle 0.075 
FeSO, - 7H:0 0.015 
MnSO, 0.008 
ZnSO, - 7H:O 0.008 
CuSQ, - 5H:0 0.004 
CoCl: 0.002 
Urea 2.000 


was suspended in 600 ml. of a nutrient solution prepared according to the follow- 
ing formula modified from Burroughs et al. (2) and shown in Table 1. 

Three grams of purified cellulose (Solka-Floc) was added to the suspension, 
making the concentration of this insoluble cellulose 0.5%. The solution was bub- 
bled with a stream of carbon dioxide gas for 10 minutes. The pH was adjusted 
to 7.0 with a saturated solution of sodium carbonate. No readjustment of pH 
was required during the course of digestion because at the end of a 24-hour 
incubation period the pH was about 6.6, which was still within the range for 
optimum cellulose digestion. Aliquots of 20 ml. each were pipetted into 75-ml. 
Pyrex centrifuge tubes. Each of these tubes was fitted with a rubber stopper 
and inlet and outlet glass tubings for bubbling the solution with a constant flow 
of carbon dioxide gas. The gas served to provide an anerobic condition as well as 
to agitate the solution. These tubes were incubated in a constant temperature 
water bath kept at 39° C. At the end of 24 hours the fermentation was terminated 
and cellulose was determined on the entire contents of each tube by using the 
procedure of Crampton and Maynard (3) with slight modifications. 

In studying factors influencing cellulose digestion by this method, it was 
necessary only to add such faetors into respective tubes and compare the degree 
of cellulose digestion obtained with cellulose digestion in control tubes without 
added factors. Usually triplicate tubes were run for the control as well as for 
each factor studied. When 0.5% cellulose was placed in the medium, approxi- 
mately 60% digestion could be obtained in the control tubes by the end of 24 
hours. The apparatus used in these studies is illustrated in Figure 1. 


RESULTS AND DISCUSSION 


Certain conditions must be maintained in the fermentation tubes if efficient 
cellulose digestion is to take place. The optimum pH for maximum eellulose di- 
gestion by washed suspensions during a 20-hour period was found to be from 6.8 
to 7.6, as shown in Table 2. 

Only when the pH was lower than 6.4 or higher than 8.0 was the percentage 
of cellulose digestion reduced to a considerable extent. The rumen microorgan- 
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Fig. 1. Apparatus used for the study of cellulose digestion by washed suspensions of rumen 
microorganisms. 


isms appeared to be able to tolerate a high pH better than a low pH. At the end 
of the 20-hour incubation period, the pH of all the tubes having an initial pH 
between 6.8 and 8.4 stayed between 6.7 and 7.1. Since this range was still 
adequate for optimum digestion, it was not necessary to readjust the pH during 
the course of digestion. 

Most of the digestion runs were terminated at the end of 20-24 hours. With 
0.5% of cellulose in the medium, vigorous digestion occurred between 16 and 20 
hours incubation. The rate of digestion for 4-hour intervals is shown in Table 3. 

The concentration of cellulose used in the medium also affected the amount 
of its digestion in 24 hours. Thus, it is seen in Table 4 that the greatest amount 
was digested when the medium contained 1% cellulose. However, on a percentage 


TABLE 2 
Influence of pH on cellulose digestion 
Cellulose Cellulose 
pH digested * digested 
(g.) (%) 
5.6 0.0282 30.3 
6.0 0.0443 47.8 
6.4 0.0511 55.1 
6.8 0.0599 64.5 
7.2 0.0607 65.4 
7.6 0.0586 63.2 
8.0 0.0527 56.8 
8.4 0.0488 52.5 


* The initial amount of cellulose in each tube was 0.0928 g. 
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TABLE 3 
Rate of cellulose digestion 


Cellulose Cellulose Rate of cellulose 
Time digested“ digested digestion 
(hr.) (mg.) (%) (mg/4 hr.) 
0 0 0.0 0 
+ 102 2.6 102 
8 142 13.4 40 
12 295 27.7 153 
16 519 48.9 224 
2 726 68.4 207 
24 824 77.7 98 


* The initial amount of cellulose was 1,060 mg. 


basis, a more favorable digestion was obtained when the concentration of cellu- 
lose in the medium was less than 1%. Thus, it is seen that, in general, the less the 
concentration of cellulose is in the medium, the more complete is its digestion by 
the microorganism when the size of the inoculum is held constant. 

The rate of cellulose digestion was also affected by the size of the inoculum or 
the concentration of rumen microorganisms used during incubation. Most of the 
experiments herein reported were based on the use of 20 ml. washed suspension 
of rumen microorganisms equivalent to 40 ml. of original rumen fluid taken from 
the animals. Table 5 shows the percentage of cellulose digested as influenced by 
the amounts of original rumen fluid used. It is apparent that the use of 40 ml. 
of rumen fluid was adequate to produce optimum digestion in 24 hours. However, 
it should be mentioned that in these experiments the rumen fluid samples were 
taken from a 1,000-lb. fistulated steer receiving a ration consisting of 6 lb. of corn, 
2 lb. of soybean oil meal, 12 lb. of corn silage, and as much hay as he could eat. 
It is very likely that in different animals fed different rations the activity of the 
rumen microflora would be altered to some extent. Therefore, the amount of 
rumen fluid required to give an optimum digestion could conceivably vary with 
different conditions. 

One of the advantages of using washed microbial suspension over the un- 
washed rumen fluid is that in the former method any unknown factors that 
might be present in the rumen fluid are washed out. The washed suspension is 
alse comparatively free from any metabolic end-products that were produced by 
the microorganisms while they were in the rumen. Therefore, when an adequate 
nutrient solution is provided together with a substrate, in this case an insoluble 


TABLE 4 
Effect of substrate concentration on cellulose digestion 


Cellulose Tnitial 
in nutrient wt. of Cellulose Cellulose 
solution cellulose digested digested 
(%) (g.) (qg.) (%) 
0.25 0.0432 0.03827 75.7 
0.50 0.0812 0.0466 57.3 
0.75 0.1351 0.0857 64.6 
1.00 0.1838 0.0984 53.6 


1.25 0.2260 0.0862 38.1 


METHOD FOR STUDY OF CELLULOSE DIGESTION 1229 


TABLE 5 

Effect of the concentration of rumen microorganisms on cellulose digestion 
Tnitial amount Cellulose Cellulose 
Rumen fluid of cellulose digested digested 

(ml.)* (9.) (9.) (%) 

10 0.0894 0.0247 27.7 

20 0.0932 0.0614 65.9 

40 0.0961 0.0890 92.8 

60 0.0960 0.0901 93.2 

80 0.0948 0.0903 95.3 


“MI. of rumen fluid used in the preparation of 20 ml. washed suspension. 


cellulose, the enzymes of the microorganisms begin to act on the substrate during 
the period of incubation. Any influences from unknown sources were reduced to 
a minimum by repeated washings of the rumen microorganisms. However, un- 
necessary repeated manipulations of them in the laboratory would decrease their 
activity. 

It is seen from Table 6 that the reduction in cellulose digestion due to a 
second or even a third washing of the rumen microorganisms was relatively small 
when a solution adequate in minerals was used. However, the effect of thrice 
washing as compared to only onee was deleterious when the nutrient solution 
was reduced in mineral concentration. Thus, it is apparent that this washed sus- 
pension technique is very sensitive for the in vitro study of mineral requirements 
of rumen microorganisms. 

The use of washed suspension of rumen microorganisms in the study of their 
metabolie activity has furnished much valuable information regarding the re- 
duction of nitrate to nitrite and ammonia (7), the mechanism of the decarboxyla- 
tion of suceinie acid (6), the fermentation of glucose and cellobiose (11), and 
the catabolic reactions of various compounds (4). The present technique appears 
to be useful in the study of various factors influencing cellulose digestion as well 
as the conditions necessary for maximum utilization of cellulose by rumen micro- 
organisms. Although in vitro studies may not yield results that are directly 
applicable to in vivo conditions, it is, nevertheless, reasonable to suggest that 
such may be the necessary conditions that are likely to meet the needs of cellu- 
lolytie microorganisms in the rumen of live animals. 


TABLE 6 
Effect of washing of rumen microorganisms on cellulose digestion 
Reduced mineral Adequate minerals 
solution* solution” 

Cellulose digested Cellulose digested 
(g-) (%) (g-) (%) 
Washed once 0.0404 42.6 0.0658 69.5 
Washed twice 0.0286 30.7 0.0613 62.4 
Washed thrice 0.0155 15.8 0.0534 54.6 


* The concentrations of chemicals, except those of phosphate and urea, were reduced to one- 
tenth of those shown in Table 1. 
> The concentrations of minerals are given in Table 1. 
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SUMMARY 


A technique based on tlie use of washed suspension of rumen microorganisms 
was developed for the study of in vitro cellulose digestion. When washed rumen 
microorganisms were suspended in 20 ml. of a mineral nutrient solution contain- 
ing 0.5% of cellulose, approximately 60% of cellulose was digested during an 
ineubation period of 24 hours. Conditions required for optimum cellulolytic 
activity, such as pH, concentration of the substrate, concentration of rumen 
microorganisms, and the duration of incubation, are given. The use of this tech- 
nique in detecting unidentified factors, as well as in determining the mineral 
requirements for maximum utilization of cellulose by rumen microorganisms, was 
discussed. 
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POPULATION AND PRODUCTION CHARACTERISTICS 
OF RED SINDHI CATTLE IN CEYLON 


P. MAHADEVAN 
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The Tamankaduwa district in the dry zone of Ceylon has long been engaged 
in breeding cattle. The annual rainfall in this area averages 65 in., being heaviest 
during the northeast monsoon period from November to February, when 60% of 
the total precipitation occurs. There are no marked seasonal variations in tem- 
perature, which averages over 82° F., but day and night temperatures differ 
considerably. The maximum day temperature is around 95° F., and the minimum 
night temperature is about 68° F. Humidity during the dry months from 
March to October can be as low as 45%. 

Tamankaduwa is now the home of a large herd of Red Sindhi cattle that 
has been built up by regular importations from India and Pakistan since 
1937-38. These cattle are used primarily for milk production, though the 
bullocks are sometimes used for such agricultural operations as carting. The 
population changes that oceurred in the Polonnaruwa herd, as it is called, pro- 
vide interesting evidence on fecundity in tropical breeds, and in this work an 
analysis has been made of the mechanism of such changes. A study has also 
been made of the production statistics obtained from the herd. The results are 
set out in three parts: 

a) Expansion of the herd up to 1953. 
b) Possible expansion in the future. 
c) Production statistics of the herd. 


ANALYSIS OF DATA 


Expansion of the herd up to 1953. Table 1 shows the yearly average popula- 
tion during different periods since the inception of the herd in 1937-38. 


Population changes in the Red Sindhi dita ainaadibdiilice Ceylon (yearly average figures) 
Years 
1938-41 1942-45 1946-49 1950-53 
Total population (all ages) 168 457 653 734 
Total females (all ages) 107 299 405 481 


To account for this expansion, it was necessary to determine the prevailing 
mortality rates, rearing proportions, average rates of reproduction, and addi- 
tions to the herd by purchase or importation. 

Mortality among female calves born in the herd between 1938 and 1953, as 
measured by the percentage of females that die before calving, averaged 23%. 


Received for publication April 4, 1955. 
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Although the maximum rearing proportion attainable with this tigure for heifer 
mortality would be of the order 0.36 to 0.37, the rearing proportion actually 
attained in the herd was only 0.19 for calves born between 1938 and 1949. An 
average rearing proportion of 0.19 means that it was only once in about five 
ealvings that a cow produced a heifer calf which reached a lactation in the herd. 

If the herd remained constant in size, the total reproductive rate, which is a 
product of the rearing proportion and the reproductive life, would be unity, 
and the reproductive life itself would be merely the reciprocal of the rearing 
proportion. But, as the Polonnaruwa herd was evidently expanding at a rapid 
rate, it was obvious that this relation would not hold, and the actual average 
reproductive life should be computed from individual animals. However, even 
this was not possible, since some heifers born in 1937-38 were stiil alive in 1953 
and the average reproductive life of heifers born in any year can be measured 
only after all the members of the group have died. Evidently, the only method 
of explaining the mechanism of herd expansion was to estimate the partial re- 
productive rates in the different years, sum these over the whole period, and 
then compute the average reproductive life from the total reproductive rate 
thus estimated and from the rearing proportion. The partial reproductive rate 
ra» May be deseribed as the fraction of heifers calving in year a which produces 
a heifer calf calving in year b. The sum of the partial reproductive rates made 
in a given year, 3, 74», may have no biological meaning, but, as pointed out by 
Robertson and Asker (8), ‘‘it is measurable instantaneously and is equal to the 
total reproductive rate if the latter is constant over a period.’’ The sum of the 
partial reproductive rates for the different years from 1938 to 1949 was found 
to be 0.46 for the Red Sindhi herd under consideration. In practical terms this 
means that, on the average, about every two cows produced in their lifetime 
one heifer calf that came into milk in the herd. 

A total reproductive rate of 0.46 and a rearing proportion of 0.19 yield an 
estimate of the probable reproductive life per cow of 2.42 calvings. The effect 
of this combination of factors on population trends in the herd would have been 
to produce a rapid decline in numbers. This may appear paradoxical in the 
light of the remarkable increase in size of herd from 1938 to 1949 reported in 
Table 1. However, large-scale importation of stock from various parts of India 
and Pakistan had featured so regularly in the development of the herd that not 
only the arrest of decline in population size but also the actual increase in 
numbers can be attributed to importation. Table 2 shows the total number of 
females imported during different periods. 

To an investigator accustomed to accepted animal husbandry practices that 
require self-sufficiency in female replacement stock, the history of the Polon- 


TABLE 2 
Additions to herd by importation 
Periods 
1938-41 1942-45 1946-49 1950-53 


Total females imported 109 220 106 70 
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naruwa herd would be perplexing. The low rearing proportion and the short 
reproductive life show that existing resources were being depleted at a rapid 
rate while large-scale importation of stock, which incidentally had no production 
records or pedigree, was being resorted to in an attempt to increase the herd. 
It is therefore encouraging to note that a radical change in policy regarding 
rearing of replacement stock was formulated and implemented in 1950-51. This 
is reflected to some extent in the age-distribution of cows in milk in 1953, which 
is shown in Table 3. The corresponding distributions reported by Pettit (6) 
and by the English Milk Marketing Board (5) for several breeds are also pre- 
sented in this table for comparison. 


TABLE 3 
Age distribution of cows in milk 


Red Sindhi herd 


Lactation (1953) Pettit M.M.B. 
Ist 24.9 23.5 25.6 
2nd 24.9 22.5 21.6 
3rd 12.9 20.6 16.9 
4th 12.4 13.0 13.8 
5th 9.2 9.2 
6th 8.3 5.2 5.7 
7th 0.9 3.0 3.1 
8th 2.8 1.7 2.1 
9th 1.8 0.9 1.2 

10th and over 1.8 0.7 0.8 


The three sets of figures appear very similar, and they indicate that the 
wastage rates now obtaining in the herd at Polonnaruwa are much the same as 
those obtaining in temperate countries. Moreover, from the provisional figures 
available in 1955, it also appears that a rearing proportion of 0.25 would prob- 
ably be obtained for heifers born during the 1950-53 period as compared with 
0.19 obtained earlier. 

Of the many factors responsible for the progress made during the 1950-53 
period, the consistent attempts to maintain about 70% of the adult female 
population in the herd in milk at all times and the consequent reduction in length 
of calving interval may be mentioned as most important. To ‘his must be added 
the considerable drop in calf mortality in recent years. 

Possible expansion in the future. As it is intended that the Polonnaruwa 
herd should be built up to a strength of 1,000 females, it was decided to investi- 
gate how and when this expansion might be achieved without continuing to 
resort to importations. 

Future expansion of the herd may be made possible by two methods. One 
consists of increasing the rearing proportion from the present level of 0.25 to 
0.33, which appears possible. Robertson and Asker (8) found that much of the 
expansion of the Friesian breed in Great Britain could be attributed to an 
inerease in the rearing proportion from 0.26 to 0.37. They reported that in a 
period of constant size before 1935 the rearing proportion was 0.26 and the 
reproductive life about four lactations and in the period of expansion the rearing 
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proportion increased to 0.37 and the reproductive life to about 5.4 calvings. In 
the Red Sindhi herd at Polonnaruwa there is every possibility of increasing 
rearing proportions appreciably to facilitate herd expansion. Mortality among 
female calves during the 1950-53 period had been reduced to 20% , and it should 
therefore be possible theoretically to attain a maximum rearing proportion of 
about 0.38. In praetiee, however, this figure may not be attained because not all 
cows calve every year and not all calves born to Red Sindhi cows are true to 
type in regard to color, some being sold for that reason. The accepted color is 
red, the shades varying from dark red to dun yellow. The off-types are those 
that show white patches on the body and may comprise up to 10% of all calves 
born. A more likely estimate of the probable rearing proportion attainable at 
Polonnaruwa would then be 0.33, which means that once in about three calvings 
a cow may be expected to produce a heifer which survives and reaches a lactation 
in the herd. 

The other possible method of increasing population size is to increase the 
average reproductive life per cow. It is generally believed that longevity is 
desirable because it enables the farmer to have a higher proportion of his cows 
at the most productive age. But the validity of this belief would depend on the 
economic value of longevity as compared with high yield. Nevertheless, it is 
clear that from the point of view of population size a longer reproductive life 
is desirable. The trend in average reproductive life per cow from 1938 to 1953 
in the Polonnaruwa herd indicates that it should be possible to increase it to 
about five lactations. 

Any estimate of the possible rate of expansion of a population would be de- 
pendent on the generation length. The generation length is defined as the mean 
age of the parents when their offspring are born and has been estimated by 
Lush (2) for temperate breeds of cattle at 4 to 4144 vears. The generation lengths 
for the Red Sindhi herd at Polonnaruwa were found to be Lgg = 82 months, 
Lac = 83 months, Leg = 73 months, and Lee = 73 months, where Lgg, Lege, ete., 
represent the average age of the sires when the bull calves were born, the average 
age of the sires when the heifer calves were born, and so on. This gives a total 
generation length of 26 years and a mean of 614 years, which is in close agree- 
ment with the estimates of Stonaker (9) for the Red Sindhi herd of the Allahabad 
Agricultural Institute, India, and of Mahadevan (4) for a herd of Sinhaia 
eattle in Ceylon. 

It may therefore be assumed that the following conditions could be achieved 
at Polonnaruwa: 


a) The mortality rate among female calves could be kept down at the 20% 
level that obtained in the 1950-53 period. 

b) The rearing proportion could be raised to 0.33. 

c) The average reproductive life could be increased to five lactations. 

d) The generation interval would be about 6 years. 


On this basis, the herd at Polonnaruwa may be expected to double in size 
every 8 years without further resort to importations. This is a conservative 


( 
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estimate; nevertheless, it shows that even in tropical breeds there is a consider- 
able reserve of fecundity, which, if utilized properly, would permit the popula- 
tion to expand rapidly. 

Production statistics of the herd. An interesting feature that the Red Sindhi 
herd at Polonnaruwa has in common with most other breeds of tropical dairy 
cattle is the great variation in yield. The average first lactation is about 220 
gal., and the coefficient of variation is close to 40%. Robertson (7) reported a 
coefficient of variation of yield of about 50% for a herd of Fulani eattle in 
Nigeria, and Mahadevan (4) arrived at a figure of 39% for a herd of Sinhala 
cattle in Ceylon. The low lactation vields were almost invariably associated with 
short lactations. In the Polonnaruwa herd the correlation between total yield 
and lactation length was 0.60 + 0.02, and that between total yield and average 
daily yield was 0.78 + 0.02. Under commercial conditions in temperate countries 
the usual coefficient of variation of lactation vield is 20 to 22%, and the main 
factor governing lactation yield is the maximum daily yield, as lactations vary 
little in length. It would be interesting to know what obtains in temperate 
breeds under tropical environments. 

The coefficient of variation of lactation length was 24% in the Red Sindhi 
herd. This agrees closely with the value of 22% reported earlier for Sinhala 
cattle in Ceylon (4). The number of lactations ending before 200 days was 10%, 
and that ending before 300 days was a further 50%. It is therefore not sur- 
prising that yield was highly correlated with lactation length in this herd. It 
seems probable that one would get a similar picture in all relatively undeveloped 
dairy breeds in the tropics. 

The average age at first calving at Polonnaruwa was 47 + 0.4 months. Male 
calves weighed 39 + 0.5 1b. at birth and females, 34 + 0.6 1b. The effect of age 
at first calving on yield in the first lactation was small, the regression being 
negative and not significant. Only 10% of the heifers calved below 40 months of 
age, and in these the lactations were slightly higher. These results indicate that 
relatively early first calving is possible without any detrimental effect on first 
lactation production. 

Sundaresan et al. (10) concluded that whereas in European cattle age at 
first calving had no significant effect on lifetime production, its effect in purebred 
and high-grade Indian cattle was considerable. It appears, however, from one of 
their tables that age at first calving showed a far greater variability in their 
purebred and high-grade Indian material than in the Kansas State College 
Jersey herd data that they studied for comparison. Whether a lowered age at 
first calving can be brought about by breeding is still a moot point. Stonaker’s 
(9) estimate of the heritability of age at first calving of 0.39 based on 90 degrees 
of freedom for the purebred Red Sindhi cattle of the Allahabad Institute indi- 
cates that the age at first calving is highly heritable. Sundaresan et al. (10) 
state that whereas European cattle come in heat early and a few heat periods 
generally elapse before they reach the age of first breeding, Indian cattle are 
usually more than 36 months of age at first heat and are bred during first heat. 
They deduce from this that ‘‘age at first calving in European cattle is a matter 
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of management practices, whereas in native Indian cattle age at first calving is 
a consequence of age at first heat period, a physiological and probably hereditary 
trait.’’ One must approach this generalization with considerable caution. Early 
maturity experiments conducted with other tropical breeds (4) indicate that it 
should be possible to lower the age at first calving considerably by good feeding 
and management in early life. Until further convincing evidence is available, 
the question whether early first calving in tropical cattle is largely a matter of 
breeding or of management must be left open. 

The variation of yield with age in lactations was investigated by three meth- 
ods. The first involved the averaging of the yields of all cows in a given lacta- 
tion, and the results obtained by this method are depicted graphically in Curve 1, 
Figure 1. The second method was that of paired lactations, which yielded results 
represented by Curve 2. Correction terms derived from the paired lactation 
method tended to over-correct the records of older cows. This was to be expected 
as dairy records are not completely repeatable, the coefficient of intracow corre- 
lation for milk yield in this herd being 0.41. Adjustment for incomplete repeata- 
bility modified the correction terms considerably, and the age effect as derived 
by this method is shown by Curve 3. It will be observed that this curve approxi- 
mates very closely that obtained from ‘‘lumped’’ data. Comparison of these 
results with those of previous investigators tends to confirm the view that the 
effect of age on yield is not independent of management. In both the Sinhala 
and the Red Sindhi breeds that have been investigated in Ceylon and that are 
subjected to very similar managerial systems peak production is attained by 
the fourth lactation. However, in the purebred Red Sindhis of the Allahabad 
Agricultural Institute herd in India, under very different conditions of man- 
agement, it was found that with first records adjusted for incomplete repeata- 
bility. the first lactation remained slightly the highest (9). The effect of age on 
yield in all these cases however, has been so small that one would not be far 
wrong in not using age corrections as a rule for most tropical cattle. In com- 
parison with the figures obtained for temperate cattle, the increase in yield 
from first to fourth lactation was only 6% for the Red Sindhis at Polonnaruwa. 

There appears to have been a slight seasonal trend in the distribution of 
ealvings in this herd. Approximately 65% of the calvings in each lactation 
oceurred between the months of December and June. The lower incidence of 
ealvings from July to November may be attributed to the observed fact that 
both cows and bulls exhibit a marked reduction in activity during the rainy 
northeast monsoon period from November to February, and, in consequence, 
cows are less likely to conceive at this time of the year than at any other. This 
is further confirmed by the finding that cows conceiving during the 3 months 
following the cessation of the monsoon have the longest calving intervals in the 
herd. The variation of vield with month of calving was, however, not very 
marked, cows calving during the onset of the monsoon in November-December 
yielding just about 8% less milk than cows calving in other months of the year. 

The average length of calving interval in the herd was 433 + 4 days with a 
coefficient of variation of 28%. In recent years, with the considerable emphasis 
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Fic. 1. Variation of milk yield with age. 


that has been placed on maintaining over 70% of the cows in milk at all times, 
a very marked reduction has been made in the length of calving interval. The 
intervals for cows calving during the 1950-53 period averaged 408 days as com- 
pared with 451 days for the 1938-49 period. There has also been a corresponding 
reduction in the length of dry period and a slight increase in lactation length. 
During the years 1950-53, dry periods and lactation lengths were 116 and 292 
days, respectively, as compared with 173 and 278 days for preceding vears. The 
variation of calving intervals with age showed a strong tendency to longer 
calving intervals in the early lactations. The calving interval associated with 
the first lactation was on the average about 2 months longer than that associated 
with lactations at maturity. This may perhaps be partly attributed to the higher 
persistency of first ealvers, which is evidenced by their slightly longer lactations. 
The regression of yield in later lactations on the length of the preceding calving 
interval was not significant, thereby indicating that it should be possible to 
decrease the length of calving interval without any detrimental effects and thus 
increase total lifetime production. 

Analyses of the repeatability of the main components of milk production in 
the Red Sindhi herd at Polonnaruwa yielded the following results: 


Components of milk production Repeatability 
Average daily yield +0.46 
Lactation length +0.18 
Calving interval +0.15 


Dry period +0.10 
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Records of over 300 cows were used in arriving at each of the above esti- 
mates, so that the sampling errors were small. It will be observed that of the 
traits studied, the average daily yield shows the highest correlation between 
lactations of the same cow. The low repeatability of lactation length, calving 
interval, and dry period in this material indicates that selection would not be 
very effective in improving these characters. The high figure for average daily 
vield is in agreement with Robertson’s (7) estimate of 0.5 for the repeatability 
of this trait in the Fulani in Nigeria. The repeatability of lactation length in 
the Red Sindhi is of the same order as that obtained for Sinhala cattle in Ceylon 
(4). As regards calving interval and dry period, however, differences seem to 
exist between current results and previous investigations. Whereas the estimates 
of the repeatability of calving intervals in European cattle (1, 3) have all been 
low and not significant, Stonaker (9) obtained a high estimate of heritability 
(0.88 based on 41 degrees of freedom) for calving intervals in the Red Sindhi 
herd of the Allahabad Institute. It seems probable that the discrepancy shown 
by Stonaker’s results may be due largely to high sampling errors. The low 
repeatability of dry periods in the present material is difficult to explain in the 
light of Johansson and Hansson’s (1) finding in Swedish cattle that *‘the length 
of dry period is an individual characteristic of the cow.”’ 

The average correlation of the yield in one lactation with that in the next 
was found to be 0.41 in the Polonnaruwa herd. This is fairly close to the corre- 
lation of 0.46 for milk yield in Sinhala eattle in Ceylon and to the estimates of 
repeatability reported for butterfat yield in temperate countries. The total 
regression of daughters’ first records on dams’ first records for milk yield was 
0.14 based on 91 daughter-dam pairs. The intrasire daughter-dam regressions 
could not be computed, as the sires used for many matings had not been recorded. 
But from the total regression value of 0.14 and the repeatability estimate of 
0.41 it may be estimated that the heritability of milk yield in this population 
would probably be of the order 0.2. 

No spectacular increase in milk vield has been recorded in this herd during 
the 16 years of its existence. The average yield in the first lactation and the 
average of the first two lactations of cows coming into the milking herd in the 
different periods are shown below: 


Average 1st and 2nd 


Period Average 1st lact. yield lact. yield 
(gal.) (gal.) 
1938-45 220 232 
1946-49 222 230 
1950-53 224 221 


The extent of selection for milk yield aetually practiced in the herd was 
therefore investigated. During the 1938-45 period, cows that left the herd at 
the end of the heifer lactation produced more milk in that lactation than those 
that were retained for breeding (Table 4). The over-all selection differential 
on first lactation for the 16 years from 1938 to 1953 was +5.4 gal. This may be 
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TABLE 4 
Estimation of selection differential from culling practiced 


Genetic superiority of dams 


Selection No. of 

differential Based on Based on daughters 
Period on Ist lact.* Ist lact. 1st-4th lact. in herd 

(gal.) (gal.) (gal.) 

1938-41 —23.1 43 
1942-45 — 62 — ie +2.6 48 
1946-49 + 4.3 62 
1950-53 + 9.9 —123 +31 9 
Total + 5.4 — 25 —2.5 162 


“ Mean of Ist lactations of cows having 2nd lactations—mean of all 1st lactations. 


compared with a possible selection differential of 17 to 18 gal. in a herd with 
the same level of production but with 25% of each year’s crop of cows com- 
pleting one lactation being replaced by heifers. 

The estimated genetic superiority of cows weighted according to the number 
of their daughters that came into milk at Polonnaruwa was —2.5 gal. Table 4 
shows these results according to periods. The probable genetic superiority in 
the period 1950-53 has been underestimated, as most of the heifers saved from 
cows in this group had not attained their first lactations at the time of analysis 
of the data and therefore could not be included. The actual selection pressure 
applied during this period indicates, however, that when all the surviving heifers 
from this period become incorporated in the milking herd, the probable genetic 
gain would be considerably greater. If the 1950-53 period is not taken into 
account, the conclusion seems inescapable that no over-all genetic progress has 
been made by selection of cows in the Red Sindhi herd at Polonnaruwa during 
the first 12 to 13 years of its existence. 

No estimate was possible of the genetic improvement that may have been 
achieved through selection of dams of bulls, as most of the sires used until 1950 
were imported from India and their ancestry was not known. It is only in 
recent years that home-bred sires selected on the basis of pedigree estimates have 
been used in this herd. 

DISCUSSION 


The problems associated with the breeding of dairy cattle in the tropics may 
be divided into two parts, those arising from climate per se and those arising 
from low produetivity of native stock. Insofar as tropical breeds like the Red 
Sindhi are coneerned, the problems are solely those arising from low produc- 
tivity, as the necessary adaptability to the hot tropical climate is inherently 
present in these animals. The main components of low productivity are a late 
age at first calving, long calving intervals, short lactations and a low average 
daily yield. Any attempts to increase the productivity of native cattle in the 
tropics may therefore be viewed as being fundamentally concerned with some or 
all of these components. 

To produce the desired improvement in each of these traits, it is necessary at 
the outset to subject each individual trait to a separate investigation in regard 
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to the operational wisdom of applying breeding in preference to other methods. 
The results obtained from the present study of Red Sindhi cattle at Polonnaruwa 
not only indieate the possibility of improvement of these traits in tropical cattle 
but also shed considerable light on the most efficient means of achieving this goal. 
Perhaps the most convineing evidence for the possibility of improvement is the 
high variability that obtains in respect to each of these traits in tropical cattle. 
The coefficient of variation of age at first calving for instance, is 15 to 20% for 
most tropical cattle as compared with about 10% for temperate zone cattle. 
Coefficients of variation of calving intervals, lactation lengths, average daily 
yields, and total lactation yields are also considerably higher in tropical cattle, 
being approximately 28%, 24%, 27%, and 40%, respectively, in the present 
material. With coefficients of variation of this order it is undoubted that the 
progress possible would be high, provided the most efficient means of achieving 
the desired end are adopted. 

The repeatability estimates presented in this paper indicate that whereas 
the improvement of some of these traits is largely a matter of better feeding and 
management, in others sufficient genetic variation may still exist after optimum 
nonhereditary conditions have been established to warrant the application of 
breeding methods of improvement. Age at first calving, length of calving inter- 
val, and length of lactation may be regarded as belonging to the first category, 
though Stonaker’s (9) high estimates of heritability for the first two of these 
traits may shed some doubt on this point. But the rapid progress that has been 
achieved by better management techniques in lowering the length of calving 
interval in the Polonnaruwa herd and the results of early maturity experiments 
to lower the age at first calving in other tropical cattle strongly support the 
conelusion drawn from the low repeatability figures that much improvement in 
these traits could be achieved by better feeding and management. 

Average daily yield and total lactation yield, however, are moderately re- 
peatable (0.46 and 0.41, respectively), with total lactation vield having a herita- 
bility of about 0.2. Selection would therefore be a useful tool in improving these 
characters. One might then ask to what extent selection for these characters 
has actually been practiced in this herd. The estimates that have been presented 
of the genetic superiority of dams of cows over their contemporaries show that 
the intensity of selection applied leaves much to be desired. As, in fact, the 
effective breeding period in this herd since its inception has been about 13 years, 
one would expect the genetic improvement to have been at least of the order of 
20 to 30 gal. in lactation yield. But what has really been achieved is an over-all 
negative selection pressure for yield. 

The main generalization that can therefore be made from the study of the 
production statistics of this herd is that there is considerable variability within 
most breeds of tropical cattle to permit a reasonably rapid advance in produe- 
tivity. Apart from the employment of better and more uniform techniques of 
feeding and management, the maintenance of low mortality rates, adequate 
rearing proportions, and short generation intervals will also help very consider- 
ably in raising productivity. The importance of the latter aspects has already 
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been discussed in relation to possible future expansion of the Polonnaruwa herd. 
It may nevertheless be emphasized here that lower mortality rates, higher rear- 
ing proportions, and shorter generation intervals, besides making rapid herd 
expansion possible, also allow a greater selection pressure to be applied. This 
would accelerate the annual genetic improvement of stock. 


SUMMARY 


The mechanism of population changes in the 16-vear history of a large herd 
of Red Sindhi eattle in Ceylon indicates that there is a considerable reserve of 
fecundity in these animals that could be utilized to enable the population to 
double itself, if necessary, every 8 years. This would involve increasing the 
rearing proportion to 0.33 and the average reproductive life to five lactations 
and keeping down mortality rates at 20%. The prevailing generation interval 
is about 6 years. 

Analyses of the production statistics of the herd show that sufficient varia- 
bility exists in regard to most characters affecting milk production to warrant the 
possibility of a reasonably rapid advance in production in future years. Such 
improvement appears possible in the following directions: reduction of age at 
first calving, shortening of calving intervals and dry periods, and increase of 
lactation lengths. The coefficients of variation of total milk yield and average 
daily milk yield too are large enough to permit rapid improvement. 


Estimates of genetic changes in the herd through selection of breeding 
females have also been made. The various factors that would enable a greater 
selection pressure to be applied for accelerating annual genetic improvement 
in milk yield in tropical cattle are discussed. 
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THE NUTRITIONAL MERITS OF PELLETING CALF STARTERS’ 


Cc, A. LASSITER, T. W. DENTON, L. D. BROWN, anp J. W. RUST 
Dairy Section, University of Kentucky, Lexington 


Since the feed pelleting process was first introduced into this country in 
1929, it has gained tremendous popularity among feed manufacturers. Based 
on a study of feeds manufactured by 14 cooperative feed mills, Rickey (7) found 
in 1951 that the output of pelleted feeds varied from 10 to 85‘% of the total 
output. 

Among the advantages found for pelleting swine (3) and poultry (2, 4) 
feeds are improved feed efficiency through reduced wastage, increased palata- 
bility, and greater feed intake than for unpelleted feeds. Ohio workers (1) in 
1939 and Newman and Savage (6) in 1938 found that young dairy calves fed 
starter rations partially pelleted grew at slightly slower rates than calves fed 
unpelleted starters. In the latter study the pelleted rations were less palatable 
to ealves from 2 to 6 weeks of age. 

This study was conducted to determine the nutritional values of pelleting 
ealf starters. A large percentage of the calf starters sold in Kentucky is prepared 
in an all-pellet or partial-pellet form. 


EXPERIMENTAL PROCEDURE 


This study was condueted in two phases. In the first, 39 2-day-old calves were 
used. The calves were divided into three comparable groups (7 Holstein and 
6 Jersey) and fed one of three experimental calf starters identical in composition, 
varying only in physical texture. These starters were composed of 225 Ib. linseed 
oil meal, 540 Ib. crimped oats, 260 lb. ground yellow cern, 225 lb. wheat bran, 
450 Ib. distillers dried solubles, 22.5 lb. each of bone meal and iodized salt, 900 g. 
of a vitamin A and D supplement,” and 12.2 lb. of Aurofae 2A. Starter 1 was 
prepared in the meal form; Starter 2 was pelleted, giving a pellet 3/16 in. in 
diameter, and Starter 3 was part meal and part pellet. All of the ingredients 
except the wheat bran and crimped oats were pelleted in Starter 3. These two 
ingredients were mixed with the pellets after the pelleting process in the same 
proportion as in the other starters. The chemical composition of these starters 
was as follows: dry matter, 90.9% ; crude protein, 17.9% ; ether extract, 5.8% ; 
erude fiber, 6.7% ; ash, 7.1%; nitrogen-free extract, 53.4%. 

The calves were fed a limited amount of whole milk, according to a milk 
feeding schedule previously described (5). All starters and good quality alfalfa 
hay were fed free-choice starting at 1 week of age. The calves were weighed 
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* The investigation reported in this paper is in connection with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the Director. 

* Vitamin A and D supplement contained 10,000 I.U. of vitamin A and 500 I.U. of vitamin 
D per gram. 
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when 2 days old and at weekly intervals until they were 72 days old. Body 
measurements, height at withers, and chest circumference were taken at monthly 
intervals. Daily observations were made as to the condition of the calves and the 
ineidence of scours. Complete records were kept on the consumption of milk, 
starter, and hay. 

In the second phase, six 2-day-old calves were used. The calves were managed 
exactly as in the first phase except that each of the six calves was offered all 
three starters. The position of the starters in the compartment-type feed boxes 
was changed twice weekly. 


RESULTS AND DISCUSSION 


Data presented in Table 1 indicate that the physical state of the calf starters 
had very little effect on the growth rate or the incidence of scours. The average 
daily gain of the calves fed the all-pellet starter (Starter 2) was slightly greater 
than that of the calves fed the two other starters, but this difference was not 


TABLE 1 


Effect of pelleting calf starters upon the daily rate of gain, skeletal growth and the 
incidence of scours in young dairy calves to 72 days of age 


Av. inerease in 


Av. Av. 
initial daily Ht. at Heart Ineidence 
Group wt. gain withers girth of seours 
(1b.) (1b.) (in.) (in.) (days/calf ) 
1 (Meal) Starter 1 76.4 0.92 3.65 S77 1.38 
2 (Pellets) Starter 2 74.6 0.96 4.02 6.77 0.85 
3 (Meal plus pellets) Starter 3 74.8 0.92 4.19 6.23 1.54 


statistically significant (8). Similar results were observed as to the effect of the 
various starters on skeletal growth. These results are contrary to the findings of 
the Ohio workers (1) and Newman and Savage (6), who observed that calves 
fed pelleted rations gained in weight at a slower rate than calves fed unpelleted 
rations. The incidence of scours in this experiment was relatively low; there- 
fore, the small differences that existed are not considered significant. 

The effect of the physical texture of the calf starters on feed consumption 
and feed utilization is shown in Table 2. These data show that the consumption 
of the all-pellet starter was slightly higher than that of either the meal or the 


TABLE 2 
Effect of pelleting calf starters upon feed consumption and efficiency of feed utilization 


Average total consumption 


Group Milk Starter Hay Feed/gain 


(1b.) (1b.) (1b.) (1b/lb) 
1 (Meal) 221.2 83.0 40.6 2.35 
2 (Pellets) 209.0 89.2 42.2 2.33 
3 (Meal plus pellets) 216.4 81.6 43.2 2.35 
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TABLE 3 


Starter and hay consumption as affected by age of calf 
(pounds of starter or hay/period) 


Starter Hay 
Weeks Weeks 
Group 1-4 1-6 5-10 7-10 1-4 1-6 5-10 7-10 
1 (Meal) 3.7 14.5 79.3 68.5 1.8 9.1 38.8 31.5 
2 ( Pellets) 3.8 16.6 85.4 72.6 2.3 9.5 39.9 32.7 
3 (Meal plus pellets) 27 13.3 78.9 68.3 2.2 9.2 41.0 34.0 


meal plus pellet starter. However, these differences are not statistically signifi- 
eant. There was very little difference in the consumption of hay or feed required 
to produee a pound of gain among the three groups of calves. The data in 
Table 3 showing the consumption of feed as affected by the age of the calf indicate 
the relative palatability of the various starters during the early life of the calves. 
There were some indications that Starters 1 and 2 were slightly more palatable 
than Starter 3 when the calves were less than 4+ weeks of age. Starter 2 appeared 
to be slightly more palatable than Starters 1 and 3 during the 1 to 6, 5 to 10, and 
7 to 10-week-old period. There was very little difference in the consumption of 
hay by the various groups during any age period. The feed consumption data 
obtained in this experiment show that the pelleting of calf starters does not re- 
duee the palatability of these feeds. 

A summary of the starter consumption data obtained in the second phase of 
this study is presented in Table 4. In this phase of the experiment six calves 
were permitted to consume unlimited quantities of all starters. When the pala- 
tability of the various starters was tested in this manner, a decided difference in 
the consumption of the starters existed. The consumption of the all-pellet starter 
was significantly higher (P < 0.01) than that of either of the two other starters. 
The consumption of Starter 3 was significantly greater than that of Starter 1. 
The improved palatability of starters containing pellets was evident during 
nearly all age periods. 

The results of this experiment show that, when the calves have a choice among 
the three types of starters, those prepared in either an all-pellet or part-pellet 
form are more palatable than a starter prepared in the meal form. However, 
the palatability of all starters appeared to be equal when the calves were limited 
to one type. Under such conditions all three starters promoted comparable 


TABLE 4 


Consumption of the various starters when the calves were 
offered all three starters free-choice 


Weeks 
Av. total 
Starter consumption 1-4 1-6 5-10 7-10 
(1b.) (lb/period ) 
1 (Meal) 21.1 2.6 6.8 18.5 14.3 
2 (Pellets) 56.2 2.9 11.2 53.3 45.0 


3 (Meal plus pellets) 43.4 43 10.1 39.1 33.3 
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growth of the calves from birth to 12 weeks old. It should be mentioned that the 
results in this experiment were obtained with only one basal calf starter and 
the results might have been different if different ingredients had been used in 
the basal starter. There are possibly reasons other than those considered in this 
experiment for the pelleting of calf feeds by feed manufacturers. In this study 
there appeared to be no nutritional advantages of pelleting calf starters. 


SUMMARY 


Forty-five new-born dairy calves were raised to 72 days of age on a limited 
milk-hay-starter system to study the nutritional merits of pelleting a calf starter. 
The starters were prepared in three forms: all meal, all pellet, and part meal 
and part pellet. 

- When the calves were limited to just one type of starter, it was found that 
the physical texture of the starters had no significant effect on the average daily 
gain, skeletal growth, incidence of scours, the consumption of hay or starter, or 
the efficiency of feed utilization of the calves. However, the calves consumed 
slightly more of the starters that were pelleted than of the other starter. 

When the calves could choose any one of the three starters, they consumed 
significantly more of the all-pelleted starter than either of the two other starters. 
Also, the consumption of the part-meal and part-pellet starter was significantly 
greater than that of the all-meal starter. Under the conditions of this experiment 
no nutritional advantages were found for the pelleting of calf starters. 
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COMPARISON OF ALFALFA HAY AND ALFALFA SILAGE 
AS ROUGHAGE FOR GROWING DAIRY HEIFERS IN A 
LIMITED MILK AND GRAIN FEEDING SYSTEM 


J. F. SYKES, H. T. CONVERSE,’ anp L. A. MOORE 
Dairy Husbandry Research Branch, USDA, Beltsville, Md. 


Several investigators have shown that satisfactory growth of dairy heifers 
may be obtained when hay, hay and pasture, or hay and corn silage are the 
only feeds provided from 6 to 24 or 12 to 24 months of age (4, 5, 11). Converse 
(3) also has shown that dairy heifers make satisfactory growth when alfalfa hay, 
alone or combined with other hays or corn silage, was the only feed fed from 
8 or 9 to 24 months of age. In that work milk feeding was discontinued at 60 
days of age and grain feeding at 8 or 9 months of age. Grain feeding was also 
limited to the extent that a total of about 560 lb. per heifer was fed from birth 
to 8 or 9 months of age. With the exception of the feeds fed in the Oregon 
study (11), these are the smallest recorded quantities of milk and grain that 
have been fed in high roughage rations for rearing dairy heifers to 24 months 
of age. 


The relative value of hay crop silages as compared to hay or hay and corn 
silage rations is of interest because of the present trend toward making a larger 
portion of the hay crop into silage and because of the smaller acreage of corn 
now being grown for silage. Wilson and Bartle (72) have shown that yearling 
heifers made less gain in both weight and skeletal growth when they were 
wintered on alfalfa silage as compared to alfalfa hay. Bender (1) noted that 
yearling heifers maintained on grass silage and limited hay made subnormal 
gains, as judged by the Ragsdale standard. Hodgson et al. (5) also have noted 
that heifers maintained during the winter on hay crop silages and mixed hay did 
not gain as well as heifers maintained on high quality alfalfa hay and corn 
silage. Keener et al. (7), however, during a 7-week feeding period, obtained con- 
siderably greater gains from silage than from hays of the same crop, and Porter 
and Kesler (9) have shown that no significant differences occurred in growth rate 
of ealves fed hay, hay silage, or a combination of these feeds as the only roughage 
to 16 weeks of age. When these roughages were fed with a maximum of 5.0 lb. of 
calf starter daily, growth rates were greater than when starter was limited to 2.0 
lb. daily, in spite of increased roughage intake in the latter groups. 


The present work is a comparison of the results obtained when alfalfa silage 
or alfalfa silage and a limited amount of alfalfa hay replaced alfalfa hay as 
forage for growing dairy heifers under similar limited milk and grain feeding 
conditions as have been used in previous work (3) from this laboratory. 
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EXPERIMENTAL PROCEDURE 


Nineteen Holstein and 47 Jersey heifers were assigned to these experiments 
at random as they were born in the herd. Because of losses from various causes 
only 35 Jersey heifers remained in the experiment for 24 months or more. Three 
main groups were set up on the basis of the type of forage fed. Group 1 was 
fed alfalfa hay as the only forage, Group 2 was fed wilted alfalfa silage and 
limited quantities of alfalfa hay, and Group 3 was fed wilted alfalfa silage. 
Within Group 2 there were three subgroups, which varied in the quantity of hay 
fed with the alfalfa silage. Group 2A was fed hay at the rate of 14 lb. per 100 Ib. 
of body weight per day, Group 2B was fed hay ad libitum for 180 days and at 
the rate of 14 lb. per 100 lb. of body weight thereafter, and Group 2C was fed hay 
ad libitum for 180 days and silage only thereafter. Since there were no statisti- 
eally significant differences in growth rate between these three subgroups, they 
are discussed as one group (Group 2). 

The silage fed was wilted alfalfa with no preservative added. The average 
dry matter content of the silage fed was 33%. First, second, and third cutting 
alfalfa from stands with relatively little grass and a minimum of foreign matter, 
with some minor exceptions, was used. The alfalfa was cut when about one-third 
of the crop was in bloom. Silage from five consecutive crop years was fed during 
the experiment and every effort possible was made to ensure uniform high quality 
insofar as this was possible. Most of the hay used was purchased U. 8. No. 1 
Alfalfa or U. S. No. 2 Leafy, 45% Green Alfalfa. Some home grown alfalfa of 
the same crop which provided silage was also fed when it was available. This 
hay was of a quality equivalent to the purchased hay. The hay fed was pur- 
chased or made during five consecutive crop years and, as far as can be judged 
by U.S. grades, was of reasonably uniform good quality. Within the limitations 
imposed by the usual criteria for judging quality of hay or silage, both the hay 
and silage fed were of good quality at all times. The appropriate forage was 
offered to the calves at 10 days of age and was increased according to appetite. 
A daily weighback of one or more pounds was maintained except when hay was 
fed according to body weight. 

All calves were fed colostrum for 3 days after birth and whole milk until 
60 days of age. No skimmilk or milk substitute was fed. The amounts of milk 
fed per day were as follows: 


Age Jersey Holstein 
(days) (1b.) (1b.) 
0-10 6.0 8.0 
10-20 7.0 9.0 
20-30 8.0 8.0 
30-40 7.0 6.0 
40-50 5.0 4.0 
50-60 4.0 2.0 


Concentrate was offered at 10 days of age and was increased according to 
appetite until 3.0 lb. per day were being consumed. It was maintained at this. 
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level until the calves were 150 days of age, when it was reduced to 2.0 lb. daily. 
This amount was fed until they were 240 days of age, when grain feeding was 
discontinued. No grain was fed from 240 days until after calving. The concen- 
trate mixture was composed of the following ingredients: corn meal, 300 Ib.; 
linseed oil meal, 250 lb.; soybean oil meal, 250 1b.; wheat bran, 200 1b.; salt, 10 
lb. This grain feeding schedule was not always strictly adhered to. A few heifers 
in Groups 1 and 2 were fed smaller quantities of grain—generally by restricting 
the rate of inerease in grain fed or by feeding grain for less than 8 months. 
Salt was available during the time the heifers were in the exercise lot. The 
experiment was conducted under dry lot conditions at all times. 

The experimental period extended from birth to 24 months of age. All 
heifers were bred starting at 16 months of age. They were fed individually, and 
detailed records of feed consumed or refused were kept. The feeds were analyzed 
periodically for proximate constituents. Body weight was determined on three 
consecutive days at 30-day intervals. In addition, single day weights were taken 
at 10-day intervals during the first year of the calf’s life. 

The data from this experiment were subjected to an analysis of variance, 
and tests of significance were determined for appropriate comparisons. 


RESULTS AND DISCUSSION 


The body weight changes of these heifers from birth to 24 months of age 
are presented in Figure 1. For comparative purposes, curves representing the 
Ragsdale standard (10) are included. 

Satisfactory rates of growth were obtained with both Holstein and Jersey 
heifers when hay was the only roughage fed (Group 1) in spite of the fact that 
these heifers were fed less concentrate to 8 months of age than the heifers in 
previous work (3). The Holstein heifers exceeded the Ragsdale standard. The 
Jersey heifers were somewhat below the Ragsdale standard for most of the 
growth period but equaled this standard at 2 vears of age. 

The growth rate of the heifers which were fed silage as the only forage 
(Group 3) was distinctly less than that*of the heifers fed all hay. The average 
weight at 2 years of age for the Group 3 heifers was 646 and 911 lb. for Jerseys 
and Holsteins, respectively, whereas comparable weights for the Group 1 heifers 
were 737 and 1,151 lb. The differences in body weight of these two groups of 
heifers were significant at the 1% level both at 12 and at 24 months of age. 

When limited quantities of hay were fed with alfalfa silage (Group 2), 
growth rates were improved but still were less satisfactory than when alfalfa 
hay was the only forage fed. When the calves were 2 years of age, the average 
body weight of the Holstein heifers in this group was significantly greater 
(P < 0.01) than that of the Group 3 heifers and less than that of the Group 1 
heifers. The differences in body weight between these groups were also signifi- 
eant (P < 0.05) at 1 vear of age. The average body weight of the Jersey heifers 
in Group 2 was significantly less (P < 0.01) than that of the Group 1 heifers 
at 1 year of age and appreached significance (P < 0.05) at 2 years of age. The 


COMPARISON OF ALFALFA HAY AND ALFALFA SILAGE 


) 


BODY WEIGHT (LB 


Q 12 
AGE (MO.) 

Fig. 1. Growth rate of Holstein and Jersey heifers on alfalfa hay and wilted alfalfa silage 
rations. Solid lines = Holstein heifers, broken lines = Jersey heifers, R = Ragsdale standard, 
1 = Group 1 heifers (alfalfa hay), 2 = Group 2 heifers (alfalfa silage and limited hay), 3 = 
Group 3 heifers (alfalfa silage). 


Group 2 Jerseys were significantly heavier (P < 0.05) than the Group 3 Jerseys 
at 2 years of age but not at 1 year. 

As noted previously, the amount and manner of feeding hay to the heifers 
in Group 2 was variable. In no instance were the differences in growth rate 
between these subgroups significant. This is particularly surprising of Group 
2C heifers, which were maintained on silage alone from 6 to 24 months of age. 
The growth rate of these heifers might have been expected to approximate more 
closely that of the Group 3 heifers. Evidently the 2C heifers had developed 
sufficient capacity for roughage during the 6 months they were fed hay and 
silage to enable them to consume sufficient silage from 6 to 24 months of age so 
that body weight gains were equal to the 2A and 2B heifers, which were fed 
hay and silage continuously. 

It will be noted (Figure 1) that the differences in growth rate between 
Groups 1, 2, and 3 were most evident from 5 to 12 months of age. At 5 months 
of age there were small but evident differences in the average body weight 
between groups. The differences were more marked at 8 and 12 months of age. 
After 12 months of age the average gain in weight was very similar between 
groups, as shown in Table 1. The only statistically significant difference occurred 
between the Jersey Groups 2 and 3. 
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TABLE 1 
Average gain in body weight from 12 to 24 months of age 
Weight at Weight at 


Gain 


(1b.) 


24 months 


(1b.) 


12 months 


(1b.) 


Jersey 
Group 1 417 737 320 
Group 2 360 703 343 
Group 3 338 646 308 


Holstein 


Group 1 670 1151 481 
Group 2 554 1039 485 
Group 3 486 911 426 


Other investigators (1, 5, 12) have not observed as marked a difference in 
growth rate when hay was compared to hay silage as has been observed in the 
present study. However, the above workers used yearling heifers and the growth 
rate of their heifers was more comparable to the growth rates of the heifers in 
the present experiment during a comparable age period. These observations 
suggest that satisfactory growth may be obtained when hay crop silage is fed as 
the only forage to yearling heifers, provided they have maintained reasonably 
normal rates of gain during the first year. The results of the present work indi- 
eate that, in the limited milk and grain feeding system which has been used in 
this experiment, alfalfa silage will not maintain normal growth rates, particu- 
larly during the first year. The optimal amounts of hay, other forages, or grain 
which must be fed with alfalfa silage to maintain normal growth have not been 
determined. Experiments to determine these are in progress and will be reported 
subsequently. 

Feed consumption data for these heifers are presented in Table 2. The aver- 
age total grain consumption of the Holstein heifers was 459, 475, and 496 Ib. 


TABLE 2 


Average feed consumption per heifer 


Holstein Jersey 


Period Milk* Grain” Hay Silage Milk* Grain” Hay Silage 
(1b.) (lb.) (1b.) (1b.) (1b.) 


(1b.) 


Group 1 


Birth to 12 mo. 360 459 3,479 — 366 356 2,169 —_ 
12 to 24 mo. — — 8,728 — — — 5,675 


(1b.) 


Group 2 


Birth to 12 mo. 353 476 391 6,531 360 379 334 3,606 
12 to 24 mo. _— — 841 14,785 _ _ 533 11,045 


Group 3 


Birth to 12 mo. 362 496 — 6,324 364 400 new 4,133 


* Discontinued after 60 days. 
» Discontinued after 240 days. 
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for Groups 1, 2, and 3, respectively. These are smaller quantities of grain than 
was fed in the previous work (3). Within Group 1, four of the heifers consumed 
an average of 514 lb. of concentrate; the average grain consumption of the three 
remaining heifers was 387 Ib. Although the growth rate of the heifers on the 

higher grain level was rather consistently above that of the heifers on the lower 

level in Group 1, the difference was not statistically significant, and both lots 
exceeded the Ragsdale standard. These data suggest that no more than about 

400 Ib. of grain need be fed during the first 8 months of age to Holstein heifers 

for normal growth when high quality alfalfa hay is fed as the only forage. 

The average grain consumption of the Jersey heifers was 356, 379, and 400 
lb. for Groups 1, 2, and 3, respectively. Within Group 1, six heifers consumed 
an average of 404 lb. of grain; four other heifers consumed an average of 280 Ib. 
of grain. As was true of the Holstein heifers, those on the higher grain level 
made greater gains than the heifers fed the lower quantity of grain, although 
the difference was not statistically significant. The heifers on the higher level 
equaled or exceeded the Ragsdale standard from 21 to 24 months of age but were ° 
somewhat below it from birth to 21 months of age, whereas the Holstein heifers 
generally exceeded the Ragsdale standard. This observation indicates that 400 
Ib. is the minimum quantity of grain that should be fed to Jersey heifers to 
enable them to attain normal size at 2 years of age when high quality alfalfa 
hay is the only forage fed. When these results are considered in the light of 
previous work (3), a grain allowance of about 500 lb. during the first 8 months 
of age would appear to be adequate for Jersey heifers in this type of feeding 
regime. 

The consumption of total digestible nutrients by the heifers in the three 
groups has been calculated and is presented in Figures 2 and 3 for Holsteins and 
Jerseys, respectively. Curves representing the National Research Council allow- 
ance (8) for heifers making gains equivalent to the Ragsdale standard (10) are 
included for comparative purposes. 

The growth rate of the heifers in the groups paralleled TDN intake. The 
Holstein heifers in Group 1 consumed more TDN than was required to meet the 
NRC allowance and exceeded the Ragsdale standard in growth, whereas the 
Jersey heifers in this group consumed less than was required and were generally 
slightly below the Ragsdale standard in growth. The feed intake of the heifers 
in Groups 2 and 3, which were fed alfalfa silage and limited hay or alfalfa silage 
only as roughage, was distinctly lower than the NRC recommended allowance. 
As previcusly noted, growth rates were significantly less than in Group 1, and 
the difference in growth rate between Groups 2 and 3 is a direct reflection of the 
difference in feed intake. 


The TDN consumption per 100 1b. of body weight has also been calculated. 
These data are shown in Table 3. Feed consumption per unit of body weight was 
generally less in Groups 2 and 3 than in Group 1. This difference was not evident 
until after the calves were 5 months of age except in the Group 3 Holstein 
heifers. Grain consumption was reduced from 3.0 to 2.0 Ib. daily at this time. 
The combined grain and forage allowances up to 5 months of age were apparently 
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Fig. 2. Average daily consumption of total digestible nutrients by Holstein heifers. NRC 
National Research Council recommended allowances, 1 = Group 1 heifers (alfalfa hay), 2 
Group 2 heifers (alfalfa silage + limited hay), 3 = Group 3 heifers (alfalfa silage). 
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Fig. 3. Average daily consumption of total digestible nutrients by Jersey heifers. NRC 
National Research Council recommended allowances, 1 = Group 1 heifers (alfalfa hay), 2 
Group 2 heifers (alfalfa silage + limited hay), 3 = Group 3 heifers (alfalfa silage). 
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TABLE 3 
Average TDN consumption per 100 lb. of body weight per day by periods 


Period Group 1 Group 2 Group 3 
(lb.) (1b.) (lb.) 
Holsteins 
0-2 mo. 1.72 1.75 1.52 
2-5 mo. 1.97 1.99 1.85 
5-8 mo. 1.71 1.73 1.66 
8-12 mo. 1.52 1.37 1.33 
12-18 mo. 1.41 1.30 1.28 
18-24 mo. 1.32 1.11 1.06 
Jerseys 
0-2 mo. 2.07 2.00 2.02 
2-5 mo. 2.05 1.98 1.98 
5-8 mo. 1.98 1.89 1.2 
8-12 mo. 1.63 1.39 1.32 
12-18 mo. 1.50 1.40 1.33 
18-24 mo. 1.30 1.14 1.2% 


sufficient to maintain fairly normal feed intakes and growth rates during this 
period, although both feed intake and growth were slightly less in Groups 2 and 
3 than in Group 1. From 5 to 24 months of age, when alfalfa silage provided 
the only or major source of nutrients in Groups 2 and 3, TDN consumption per 
unit of weight was distinctly less than in Group 1, although the difference was 
not as great as might have been expected from the differences in growth rate 
between groups. '* will also be noted that the TDN intake per 100 Ib. of body 
weight tended to be greater for the Jersey heifers than for the Holsteins at 
comparable ages. 

These observations suggest that the reduced feed intake observed in Groups 
2 and 3 was not so much the result of lack of capacity to consume enough silage 
to meet requirements as a lack of appetite for alfalfa silage. It would also be 
expected that, if capacity were a limiting factor on adequate intake of silages, 
a more severe limitation would occur when cattle are on pasture or are fed 
freshly clipped pastures. Ittner et al. (G) have recently observed that beef steers 
that were pastured or fed on green clipped alfalfa plus small quantities of 
oat hay gained 1.92 lb. per day during a 165-day feeding period. In the present 
experiment the average daily gain of the heifers in Groups 2 and 3 from 12 
to 18 months of age was 0.83 and 1.18 lb. per day for Jerseys and Holsteins, 
respectively. The alfalfa silage fed to these heifers had a higher dry matter 
content (average 33%) than the fresh clipped forage (average 25%) fed by 
Ittner et al. 

The amount of TDN consumed per pound of gain was slightly less for the 
heifers fed the alfalfa silage rations (Groups 2 and 3) than it was for the hay-fed 
heifers (Group 1) when the whole experimental period was considered. During 
the first 12 months there was little or no difference in efficiency of utilization, 
even though marked differences in growth rate occurred. During the second 
12 months, however, when all groups made about equal gains in weight (Table 
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1), the amount of TDN consumed per pound of gain was consistently less when 
alfalfa silage or alfalfa silage and limited hay were the only source of nutrients. 
These data are shown in Table 4. 

This apparent increased efficiency of utilization of nutrients from alfalfa 
silage as compared to alfalfa hay appears contradictory in view of the fact that 
over-all development was markedly retarded in the heifers on these silage rations. 
This result, therefore, may be an artifact and is possibly a result of the fact 
that the stage of growth and types of metabolic activity were not strictly 
comparable among the groups. The difference was still evident even when allow- 
ance was made for the varying maintenance requirement. The heifers fed hay 
(Group 1) were in good physical shape throughout and were well fleshed at 24 
months of age. The heifers in Groups 2 and 3 were in much poorer condition 
throughout and were thin at 24 months of age. These heifers did not attain 
mature size even at 24 months of age although they grew throughout. The hay- 
fed heifers not only attained mature size but, particularly during the second year 
when the rate of growth was slowed down, also accumulated more fat. This 
difference between these groups in the type of gain made during the second year 
is a possible explanation for the apparent increased efficiency of feed utilization 
by the heifers fed silage. A comparison of the total body energy accumulated 
would possibly be a fairer basis on which to calculate efficiency of utilization in 
these groups of heifers. 

Except for the unthrifty appearance of the heifers in Groups 2 and 3, the 
health of the heifers in all groups was generally good. Twenty-two animals were 
assigned to Group 1. Three animals were lost as the result of scours—all before 
60 days of age. Fifteen were treated for varying degrees of scouring. One 
heifer died of unknown causes at 150 days of age and another was discarded at 
300 days of age. One heifer aborted at 23 months. The average age at calving 
of the remaining heifers was 27.8 months. Thirty-three heifers were assigned 
to Group 2. Five were lost because of scours before 60 days of age out of a total 
of 26 which were treated for scours. Two heifers were discarded for reasons of 
sterility and one aborted at 27 months of age. The average age at calving was 
26.1 months. Eleven heifers were assigned to Group 3. Two animals died from 


TABLE 4 
Total digestible nutrients consumed per pound of gain 
Group 1 Group 2 Group 3 
Period Holstein Jersey Holstein Jersey Holstein Jersey 
(1b.) (1b.) (1b.) (1b.) (1b.) (1b.) 
0-2 mo. 2.16 2.72 2.29 2.43 2.26 2.62 
2-5 mo. 2.51 2.61 2.67 2.70 2.81 2.65 
5-8 mo. 3.62 4.09 3.99 3.95 4.45 4.03 
8-12 mo. 5.38 5.29 6.20 6.00 5.71 6.79 
12-18 mo. 8.63 8.67 6.83 6.53 6.87 7.57 
18-24 mo. 10.10 9.60 7.31 7.76 6.88 7.11 
0-12 mo. 3.79 4.02 4.03 4.03 4.52 4.14 
12-24 mo. 9.41 9.15 7.08 7.14 6.88 7.30 


0-24 mo. 6.33 6.43 5.59 5.67 5.75 5.78 


‘ 
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seours out of nine which were treated. One heifer was discarded as being sterile. 
The average age at calving was 27.7 months. It is evident from these data that 
losses from scours were not affected by the different rations. A higher percentage 
of animals was treated for scours in Groups 2 and 3. This is probably a reflection 
of the fact that the consistency of the feces tended to be more fluid in these 
heifers than in Group 1. Heifers were treated for scours, usually with sulfa- 
thiazole, whenever the consistency of the feces was excessively fluid. No differ- 
ence in reproductive performance was noted between groups in spite of the 
unthrifty condition of the heifers in Groups 2 and 3, and the over-all reprodue- 
tive performance was within the normal range. 


The bacterial flora of three yearling heifers which were being fed alfalfa 
silage only was determined and compared to the flora of mature cows on a ration 
of alfalfa hay. Marked similarities in the ruminal flora of the two lots of animals 
were found (2). The unthrifty appearance and slow growth rates of the silage- 
fed heifers, therefore, could not be accounted for on the basis of differences in 
the rumen flora. 

SUMMARY AND CONCLUSIONS 


This experiment has demonstrated again that satisfactory growth ean be 
obtained in dairy heifers in a limited milk and grain feeding system when high 
quality alfalfa hay is the only forage fed. The data indicate that a total con- 
centrate consumption of 400 lb. for Holstein and 500 Ib. for Jersey heifers from 
birth to 8 months of age is adequate in this type of ration. No concentrates were 
fed from 8 months of age to calving, alfalfa hay providing the only source of 
nutrients. 

Markedly subnormal rates of growth resulted when good quality wilted 
alfalfa silage to which no preservatives were added replaced alfalfa hay as a 
source of nutrients in a similar feeding system. When a strictly limited amount 
of alfalfa hay was fed with the alfalfa silage in this system, some improvement 
in growth rate occurred but it was still distinctly below normal. 

Dairy heifers did not consume sufficient nutrients to make normal gains in 
body weight from birth to 24 months of age when alfalfa silage or alfalfa silage 
and limited hay were the only forages fed. It is suggested that this was due not 
so much to insufficient capacity as to a lack of appetite for alfalfa silage. This 
effect is most pronounced during the first 12 months of age. 

It is apparent that alfalfa silage is unsatisfactory as the only roughage for 
growing dairy heifers in this limited milk and grain feeding system, although 
these data should not be interpreted as an indication that alfalfa silage cannot 
be used as a feed for growing dairy heifers under other conditions. In order 
to utilize alfalfa silage in rations for dairy heifers it appears that other forages 
or larger quantities of concentrate than have been used in the present work must 
be fed in addition to alfalfa silage. The amounts of these other feeds which must 
be used have not been determined. There is a suggestion, however, in the present 
data, as well as in the work of others, that alfalfa silage could be used as a sole 
souree of nutrients for heifers over 1 year of age. 
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In spite of the very unthrifty appearance and reduced rate of growth of 
heifers fed alfalfa silage, the feeding of this forage had no apparent effect on 
losses from scours or on the reproductive performance. 
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ANTIBIOTICS IN DAIRY CATTLE NUTRITION. V. 
COMPARATIVE EFFECTS OF STREPTOMYCIN AND AUREOMYCIN' 
ON THE GROWTH AND WELL-BEING OF YOUNG DAIRY CALVES: 


E. E. BARTLEY, H.C. FRYER, F. W. ATKESON, 
F. C. FOUNTAINE, ann J. J. RADISSON * 
Department of Dairy Husbandry and Statistical Laboratory 
Kansas State College, Manhattan 


Reid et al. (11) recently reviewed the results of experiments pertaining to 
the feeding of antibiotics to ruminants. It is apparent that there is a paucity 
of information on the effects of feeding streptomycin to calves. Williams and 
Knodt (173) supplemented a basal milk replacement ration with an animal pro- 
tein factor supplement that *‘contained some streptomycin.’’ The growth re- 
sponse from this supplement was not greater than the response from the basal 
ration. 

Streptomycin has been shown to be effective in the treatment of certain types 
of scours (5, 6,7, 9, 12). It has also been reported to have growth-promoting 
properties when fed to swine and poultry. Therefore, it seemed desirable to 
determine its value as a growth promoting substance for dairy calves. Aureo- 
mycin has been studied extensively for calves and its growth promoting an: 
ilisease controlling properties are well established (17). Therefore, in this experi- 
ment not only were the calves fed streptomycin compared with control calves, 
which received no antibiotic supplement, but in addition, a further estimate of 
the value of feeding streptomycin was obtained by comparing the streptomyein- 
fed calves with a similar group of calves fed aureomycin. 


EXPERIMENTAL PROCEDURE 


Thirty-six Ayrshire, Guernsey, Holstein, and Jersey calves were used. Be- 


cause the calves differed as to sex, breed, and time of birth, a balaneed ineom- 
plete block design—plan 11.1, Cochran and Cox (4, p. 329) re-randomized three 
times—was employed. Two calves of the same breed and sex were successively 
assigned, according to order of birth, to each block. Four treatments were com- 
pared with nine calves in each treatment group. The antibiotic treatments were : 
Group I, no antibiotic; Group Il, 30 mg. crystalline aureomyein hydrochloride 
(Lederle) ; Group III, 30 mg. streptomycin sulfate (Merck) ; and Group IV, 90 
mg. streptomycin sulfate. All feeding levels of antibiotics are reported on a 
100-lb. body weight basis. The antibiotics were administered orally once daily 
by capsule commencing at birth. 


Received for publication May 17, 1955. 
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All calves were born in the Kansas State College dairy herd. They were 
started on experiment at birth and continued until 16 weeks old. The calves 
remained with their dams during their first day and then were placed in indi- 
vidual pens until the experiment was terminated. All calves received their 
mothers’ colostrum the first 3 days. Beginning with the fourth day they were fed 
whole milk at approximately 10% of body weight daily for the next 4 weeks. 
After the fourth week, the rate of milk feeding was gradually reduced until a 
total of 350 1b. had been consumed. The calves usually were weaned between 
6 and 8 weeks of age. 

Good quality alfalfa hay and a calf starter were fed ad libitum beginning at 
1 week of age. The starter was calculated to contain 18% digestible protein and 
consisted of 300 parts by weight of cracked yellow corn, 200 of oats, 100 of wheat 
bran, 300 of soybean oil meal, 70 of dehydrated alfalfa chops, 5 of limestone, 5 
of steamed bonemeal, 5 of salt, and 0.25 of irradiated yeast (4,000,000 U.S.P. 
units of vitamin D per pound). The daily intake of starter was limited to 5 Ib. 
for Holsteins, 414 lb. for Ayrshires and Guernseys, and 4 lb. for Jerseys. 

The calves were weighed at weekly intervals. Records were kept of all feed 
consumed. Daily health records were kept. Scours, colds, or other infections, 
when accompanied by a fever and requiring medication, were classified as severe. 
Infections not accompanied by fever were classified as slight. The designation 
of medium was given to infections that could not readily be classified as slight 


or severe. 

If a calf had a severe infection, it was treated by a member of the College 
veterinary staff. Treatment usually consisted of the administration of penicillin 
(intra-museularly) or sulfa drugs (per os). When calves had scours but no rise 
in body temperature, a tablespoonful of a mixture of 10 parts of kaolin and 1 
part of pectin was given in the milk at each feeding until scouring ceased. 


RESULTS AND DISCUSSION 


The effects of streptomycin and of aureomycin on growth are shown in Figure 
1 and Table 1. The first week’s weight was used as the initial weight instead of 
the birth weight, since the latter weights were not available. Because of the 
difference in the average initial or first week’s weight among the four treatment 
groups (Table 1), the use of a covariance analysis seemed indicated. However, 
from graphical analysis of the data (not presented), there appeared to be neither 
an important nor consistent within-treatment relationship between the first 
week’s weight and the average daily gain during the next 15 weeks. Hence, a 
covariance analysis was not employed, but an analysis of variance was made of 
the average daily gains. Since the variability within blocks was at least as great 
as that among blocks, the incomplete block design employed in this experiment 
was not needed and the data were analyzed as a randomized complete block 
design. 

The average daily gain of the calves receiving aureomycin was significantly 
greater than the average daily gain of the control calves and of those receiving 
either of the two levels of streptomycin. There was no significant difference 
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WEEKLY WEIGHT IN PER CENT OF FIRST WEEKS WEIGHT 


T 
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Fic. 1. Comparative growth response of two groups of calves receiving either 30 or 90 mg. 
of streptomycin daily per 100 1b. body weight, of one group receiving 30 mg. of aureomycin 
daily per 100 lb. weight, and of control calves. 


between the average daily gains of the calves receiving the two levels of strep- 
tomycin, nor was the difference between the average daily gains of the calves 
receiving either level of streptomycin and the control calves significant. 

The growth data from 1 to 16 weeks of age were further analyzed by employ- 
ing the regression of weekly weight per pound of first week’s weight on age. 
The slope of the aureomycin line (Figure 1) is significantly greater (Table 1) 


TABLE 1 
Effect of aureomycin and streptomycin on the growth of calves as measured by average daily 
gain and the linear regression of weight per pound of birth weight on age 


Amt. antibiotic fed No.of Av.1st Av. 16th Av. daily Regression 
/100 Ib. wt. daily calves  wk.wt. wk. wt. gain coefficient b 


(1b.) (1b.) (1b.) 


30 mg. aureomycin ‘ 82 242 1.52 14.33 —— 
* 


90 mg. streptomycin § 86 215 1.23— 10.54— 


30 mg. streptomycin 1.20—/ns 10.95 —|— 


n 
None (control) ¢ . 0.95— 9.96— 


* = difference significant at the 0.05 level. 
ns = difference not significant. 
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than the slope of the lines produced by any of the three other treatments. The 
slopes of the lines representing each of the other groups were similar. In general, 
these results of the regression analysis agree closely with those from the analysis 
of variance. 

Although no growth response favorable to streptomycin feeding was found 
during the total 16-week period, nevertheless, study of the growth curves (Figure 
1) indicates that there might have been some additional response from strepto- 
mycin during the first few weeks. Consequently an analysis of variance was made 
of the average weights of the calves at 5, 10, and 16 weeks of age expressed as a 
percentage of their first week’s weight. Again the data were analyzed as a ran- 
domized complete block design. 

At 5, 10, and 16 weeks of age, the calves receiving 30 mg. of aureomycin were 
significantly larger than the control calves (Table 2). At these three ages there 
were no significant differences between the sizes of the calves receiving either of 
the two levels of streptomycin, and neither level of streptomycin produced calves 
that were enough larger than the control calves to produce a significant differ- 


TABLE 2 
Effect of aureomycin and streptomycin on growth as ineasured by the average weights of the 
calves expressed as a percentage of their first week’s weight 


Amt. antibiotic fed No. of 5th wk. wt. in 10th wk. wt. in 16th wk. wt. in 
/100 Ib. wt. daily calves “ of Ist wk. wt. % of lst wk. wt. “% of Ist wk. wt. 


30 mg. aureomycin 138.6 199.2 ——, 309.6 

<ns | <ns | <* 
30 mg. streptomycin 9 132.4—, | 175.5—, 258.2—, 

| 
90 mg. streptomycin 9 127.7—| ns 168.3-—| ns| mis] ns 
| 

None (control) 9 123.3—'!— 164.3—!—! 237.4— 


ns = difference not significant. 
* = difference significant at the 0.05 level. 


ence. At 5 and 10 weeks of age the average size of the calves receiving aureo- 
mycin was not significantly greater than that of the calves receiving either level 
of streptomycin. At 16 weeks the calves receiving aureomycin were significantly 
larger than the calves receiving either of the two levels of streptomycin. There- 
fore, it may be concluded that, under the conditions of this experiment, strepto- 
mycin appeared to produce a slight growth response, especially during the first 
few weeks of life. However, this response was not statistically significant nor as 
great as the response obtained with aureomycin. 

Comparison of the effects of the two antibiotics on efficiency of gain showed 
that the aureomycin-fed calves required significantly less TDN and digestible 
protein per pound of gain during the period 1 to 16 weeks of age than did the 
control calves (Table 3). The aureomycin-fed calves also required less, though 
not significantly less, TDN and digestible protein per pound of gain than did the 
calves fed 30 mg. of streptomycin. The calves receiving 30 mg. of streptomycin 
required significantly less TDN and digestible protein per pound of gain than 
did the control calves. The calves receiving 90 mg. of streptomycin required less, 
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TABLE 3 
Effect of aureomycin and streptomycin on efficiency gain of calves from 1 to 16 weeks of age 


Ant. antibiotic fed No. of Digestible pro- 
/100 Ib. wt. daily calves TDN */lb gain tein*/Ib gain 


(lb.) 
30 mg. aureomycin 
30 mg. streptomycin 
90 mg. streptomycin 


None (control ) 


*Caleulated from Morrison’s (10) tables. 
* = difference significant at the 0.05 level. 


though not significantly less, TDN and digestible protein per pound of gain than 
did the controls. Therefore, it appears that both aureomycin and streptomycin 
increased feed efficiency, with 30 mg. of aureomycin possibly being more effective 
than either 30 or 90 mg. of streptomycin. In three previous experiments (1, 2, 3) 
condueted at this station aureomycin-fed calves made more efficient gains than 
did control calves. 

Study of the experimental treatments on calf health showed that the control 
calves had five slight, three medium, and seven severe infections. The calves 
receiving 30mg. of aureomyein had no slight or medium infections and four 
severe. Those receiving 30mg. of streptomycin had no slight infections, two 
medium, and five severe. Those receiving 90 mg. of streptomycin had two slight, 
three medium, and five severe infections. The limited data indicate that the two 
antibiotics had some influence in controlling the types of infections oceurring in 
the environment of this experiment. Aureomycin appeared to be more effective 
than streptomycin in controlling these infections. 

There was one outbreak of disease characterized by a high fever, coughing, 
and labored breathing, which resulted in the majority of severe infections en- 
countered in this study. This outbreak occurred after several of the calves had 
completed the experiment but were still in the barn. Two control calves that had 
completed the experiment succumbed to the infection. All the antibiotic-fed 
calves responded to treatment, and none was lost. 

Since initiation of this experiment, Hogue et al. (8) have published a pre- 
liminary report on the feeding of streptomycin to dairy calves. They fed young 
calves aureomycin, streptomycin, and, a mixture of two other antibiotics. Three 
antibiotic levels (10, 20, or 40mg. per 100 lb. body weight per day) and two 
durations of antibiotic feeding (7 or 16 weeks) were tested. Both aureomycin 
and streptomycin significantly (P < 0.05) increased the daily gain for the first 
7 weeks. The gain of the calves receiving aureomycin averaged 1.00 lb. per day 
and was superior to the gain of the calves receiving streptomycin, which was 
0.92 1b. per day. The control calves gained 0.78 lb. per day. No significant 
differences among treatments were observed at 16 weeks and no advantage was 
shown for any particular level of antibiotic. However, results reported herein 
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differ from the findings of Hogue ef al. in that streptomycin did not produce so 
great a growth response but support their results in that aureomyecin stimulated 
growth to a greater extent than did streptomycin. 

Hogue et al. also reported that aureomycin and streptomycin each signifi- 
cantly (P < 0.05) increased feed efficiency during the first 7 weeks. The calves 
receiving aureomycin required 1.91 lb. of TDN per pound of gain, those receiving 
streptomycin required 2.06 lb., and the control calves required 2.34 1b. These 
results are in harmony with the results of the experiment herein reported. 

Hogue et al. similarly reported that aureomycin and streptomycin decreased 
the incidence of scours during the first 7 weeks. However, in their work aureo- 
mycin and streptomycin were about equally effective in controlling scours, 
whereas in the experiment reported here aureomycin was more effective than 
streptomycin. Therefore, the poorer growth response obtained from streptomycin 
in the present study may have been due to a relative ineffectiveness of strepto- 
mycin to control some of the types of infections encountered. 


SUMMARY 


This experiment was initiated to compare the effects of streptomyein with 
aureomycin on the growth and well-being of young dairy calves. Thirty-six 
calves were divided into four groups with nine calves each. Calves in one group 
received 30 mg. aureomycin daily for each 100 Ib. of calf weight, a second group 
received 30 mg. of streptomycin, a third group received 90 mg. of streptomycin, 


and a fourth received no antibiotic and served as a control. All calves were 
started on the experiment at birth and continued until 16 weeks of age. 

Both levels of streptomycin appeared to produce a slight growth stimulation, 
especially during the first few weeks of life, but this stimulation was not statis- 
tically significant nor so great as the stimulation obtained with aureomycin. The 
calves receiving aureomycin grew at a significantly faster rate than the control 
calves. Both streptomycin and aureomycin appeared to reduce the incidence of 
calf infection; however, aureomycin appeared to be slightly the more effective 
of the two. Also, both streptomycin and aureomycin-fed calves required less 
TDN and digestible protein per pound of gain than the control calves. The 
aureomycin-fed calves made more efficient gains than those fed streptomycin. 

In general, there was no difference between the two levels of streptomycin 
in regard to rate of weight gain, incidence of disease, or feed efficiency. 
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RELATIONS BETWEEN PARTS OF LACTATIONS AND 
PRODUCING ABILITY OF HOLSTEIN COWS' 
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Partial records may be useful in improving annual milk and fat production. 
Frequently selection decisions must be made before a record is complete. Pre- 
liminary sire evaluation can be had earlier if partial records can be used in 
sire proofs. The present study was undertaken to ascertain the repeatability, 
heritability, and genetic correlations for various parts of the lactation. These 
statistics permit answers to such questions as (a) the relative accuracy of various 
parts of the lactation for predicting the entire lactation and (b) the extent to 
which the same genes operate during various parts of the lactation. 

Several workers have considered correlations between various cumulative 
periods of production in consecutive and nonconsecutive lactations (4, 5, 6, 15). 
Gifford (5) also studied correlations between production for the same single 
month period in consecutive lactations. 

Estimates of heritability based on daughter-dam regressions and correlations 
or on paternal half-sib correlations have been reported for cumulative production 
periods of 180 up to 365 days (9, 11, 15, 18). 

The genetie correlation between a part and the entire lactation has been 
reported only once (17). Essentially the same method was used earlier with egg 
production records (12). The relative efficiency of using part records as the 
basis of selection for the whole record has not been reported previously for milk 
and butterfat production but has been utilized by Lerner and Cruden (12) to 
improve selection for annual egg production in poultry. 

Extrapolation factors for predicting 305- or 365-day production from a single 
test, from the average of several monthly tests, or from cumulative production 
have been reported (1, 3, 6, 19). Several workers (3, 7, /6) have reported pre- 
dietion equations suitable for various ages. 


PROCEDURE 


All production records, at least 243 days in length, completed in the Lowa 
State College Holstein herd from 1940 to 1952, inclusive, were studied. Every 
milking was weighed and the fat was tested one day each month. From these 
data the milk and butterfat productions for 30-day monthly and cumulative 
intervals were calculated. Records were corrected to a 2 X M.E. basis, using the 
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TABLE 1 
Meaus and coefficients of variation for monthly and cunulatice periods 
(599 records—? X M.E.) 


Milk Fat 
Coefficient Coefficient 

Days Mean of variation Mean of variation 
1-30 1,537 20.4 55.2 23.9 
31-60 1,701 19.3 56.7 21.0 
61-90 1,633 19.0 53.3 20.3 
91-120 1,514 19.6 49.6 20.6 
121-150 1,403 19.9 46.8 20.7 
151-181 1,330 20.6 44.9 21.4 
182-212 1,205 22.5 41.5 22.4 
213-248 1,075 26.0 38.1 26.2 
244-274 : 907 35.4 33.5 34.6 
275-305 658 56.9 24.8 54.4 
1-60 3,238 19.2 111.9 21.2 
1-90 4,871 18.5 165.2 19.9 
1-120 6,385 18.2 214.8 19.1 
1-150 7,788 17.9 261.7 18.6 
1-181 9,118 17.7 306.5 18.3 
1-212 10,323 17.5 348.0 17.9 
1-243 11,392 17.4 385.8 17.7 
1-274 12,293 17.7 418.9 17.7 
1-305 12,947 18.3 443.6 18.3 


D.H.L.A. factors (70). Five hundred ninety-nine records by 253 cows were 
studied. Table 1 shows the means and coefficients of variation for monthly and 
cumulative periods. 

The difference between actual and age-corrected monthly means showed that 
the age correction factors (10), which had been derived from 305-day lactation 
totals, were fairly suitable for correcting the center months but were in error 
for the extreme months. These errors were largest for records begun at ages less 
than 3 years, which means first records almost entirely. This merely reempha- 
sizes the well-known fact that cows are more persistent in their first lactation 
than in later lactations. When the age correction factors were applied to pro- 
gressively longer cumulative periods, they were more adequate. Little difference 
was noted between levels of age-corrected 305-day production of first and later 
lactations. 

Repeatabilities were computed as intraclass correlations by using variance 
components obtained by the analysis of variance. Heritabilities and genetic 
correlations were computed from intrasire regressions of daughter production 
on dam production (8, 13). 


RESULTS AND DISCUSSION 


Extrapolation factors. When average monthly production was plotted sepa- 
rately for the various age groups, the lactation curves were distinctly different 
for records begun before 3 years and for later lactations. The greater persistency 
in records made at the younger ages requires different factors for various ages 
to extrapolate short-time records to a 305-day basis in an unbiased way. Such 
factors were computed from the actual cumulative production averages for the 
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TABLE 2 
Factors for multiplying the actual cumulative part records 
to estimate the 305-day production 


Lactations begun at ages: 


Less than 3 yr. 3 yr. or older 
(257 records) (342 reeords) D.H.L.A. 
factors 
Days Milk Fat Milk Fat (2) 
30 9.36 9.00 7.81 7.40 7.692 
60 4.38 4.36 3.74 3.70 3.846 
90 2.87 2.91 2.52 2.53 2.614 
120 2.17 2.21 1.93 1.97 2.010 
150 1.76 1.80 1.60 1.63 1.660 
181 1.49 1.52 1.37 1.40 1.430 
212 1.30 1.32 1.22 1.24 1.270 
243 1.16 1.18 1.12 1.13 1,153 
274 1.06 107 | 1.04 1.05 1.067 
305 1.00 1.00 1.00 1.00 1.000 


two age groupings and are shown in Table 2. Obviously, separate factors are 
indicated for first records compared with later records for at least the first 150 
days. Otherwise, first records extrapolated from the early part of the lactation 
will, on the average, be seriously underestimated. Factors for the various later 
ages did not differ enough from each other to warrant separate factors. Because 
of the small volume of the present data, some further study on this question seems 
warranted. 

Repeatabilities. Correction of partial records for age failed to remove age 
effects wholly, especially when applied to records begun before 3 years of age. 
An attempt was made to remove the rest of the age effects by considering as 
separate ages the records begun before and after 3 years of age in al! the analyses 
of variance of the pattern shown in Table 3. Simultaneous solution of three of 
the expected mean squares equations, when equated to the computed mean 
squares, gave values for the components o*,, o*,, and o*,. The variance repre- 
sented by o*, consists of temporary environmental effects assumed to be random 
from one lactation to another. Permanent differences between cows caused the 
variance represented by o*.. Variation represented by o*, results from those 
influences which cause average production in one age group (less than 3 years) 
to differ from average production in the other age group (3 years or older). The 
o*, component was a way of removing statistically most of the age effects which 
had not been removed wholly by the age correction factors. 


TABLE 3 
Structure of the analysis of variance between ages and between cows 
Source of variance d.f. Expected mean squares 
Total 598 0.491 + 0.996 o*. 
Between ages 1 a. + 293.469 o*, + 0.820 o*. 
Between cows 252 o.+ 0.399 0°, + 2.363 o°. 


Remainder 345 o.— 0.291 o, — 0.002 o*. 
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Considering 10 months singly and cumulatively for milk and fat required 
40 tables such as Table 3. In the total of the age, cow, and error components 
for these various tables, the age component runs from as low as 0% to as high 
as 36% of the total. The age component was much higher for the first few months 
and last months when considered singly and for the first five cumulative months 
than for the middle single months or the long-time cumulative totals. 


Repeatability was computed as an intraclass correlation expressed as 


a This is the correlation between records by the same cow. Repeatability 
c e 

values (r) for monthly and cumulative periods of milk and butterfat production 
are listed in Table 4. 


TABLE 4 
Repeatability (r) and intra-sire regression (b) of daughter on 
dam for monthly and cumulative periods 


Milk Fat 

Days r b r b 
1-30 0.547 0.195 0.515 0.142 
31-60 0.590 0.180 0.501 0.158 
61-90 0.528 0.164 0.417 0.126 
91-120 0.430 0.155 0.322 0.137 
121-150 0.419 0.183 0.311 0.129 
151-181 0.417 0.204 0.324 0.088 
182-212 0.354 0.193 0.260 0.101 
213-243 0.299 0.188 0.199 0.070 
244-274 0.258 0.084 0.151 0.011 
275-305 0.280 —0.038 0.216 —0.073 
1-30 0.547 0.249 0.515 0.198 
1-60 0.599 0.226 0.569 0.213 
1-90 0.609 0.197 0.572 0.176 
1-120 0.600 0.172 0.548 0.150 
1-150 0.589 0.195 0.532 0.154 
1-181 0.581 0.236 0.521 0.180 
1-212 0.567 0.274 0.509 0.221 
1-243 0.545 0.304 0.481 0.236 
1-274 0.521 0.316 0.453 0.223 
1-305 0.510 0.291 0.434 0.187 


Gifford (5) reported in an unpublished investigation that correlations be- 
tween production records for corresponding single months in consecutive lacta- 
tions by the same cow actually increased up to the ninth and tenth months. 

Repeatability of milk and fat production for 248 days up to 305 days has 
generally been reported to be of the order of 0.3 to 0.5. Correlations between 
cumulative parts for shorter periods have been reported (4, 5, 15) to be as high 
as 0.5 to 0.6 on an intraherd basis. 

The decreased repeatabilities and heritabilities for the later single months 
in Table 4, as well as the increased coefficients of variation for these months in 
Table 1, indicate that production during the later months of the lactation is 
determined more by temporary environmental influences and less by permanent 
differences between cows than is production during the early months. This seems 
to indicate that persistency of production is determined primarily by extraneous 
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environmental sources and is not affected much by the inherent qualities of the 
cow herself. 

Heritability. Heritability, when obtained by doubling the intrasire regression 
of daughter's production on dam’s production, is a measure of that portion of 
the total variation which is due to additively genetic variation (13). Twenty 
different sires had 157 daughters in this study and 67% of the dams had a 
single daughter. When a dam had more than one daughter, the dam’s reeord 
was repeated with the record of each daughter. The intrasire regressions (b) for 
monthly and cumulative milk and butterfat production are listed in Table 4. 
The regressions for monthly periods were computed by using averages of all 
records of the cow and were then corrected to a single record basis by the for- 
mula presented by Lush and Straus (//). The regressions for cumulative periods 
were computed by using first records of the 154 daughter-dam pairs where this 
record began at ages under 3 years. 

Shrode and Lush (78) indicate that estimates of heritability of intraherd 
differences in milk and butterfat production have been of the order of 0.2 to 0.3 
from most studies where lactation length ranged from 243 to 365 days. 

Mahadevan (7/5) obtained a heritability estimate of 0.31 for first 180-day 
production for 903 daughter-dam pairs of Ayrshire cows. Using the average of 
all 180-day yields made by 732 Ayrshire daughter-dam pairs and calculated on 
a single record basis, he obtained a heritability value of 0.27, indicating a slightly 
higher value for first record. 

Reasonably rapid progress would be expected from mass selection on the 
basis of part records, especially when heritability values are of the order of 0.5 
to 0.6. The rate of progress would naturally depend upon the intensity of selec- 
tion possible in the dairy herd. 

Genetic correlations. Genetic correlations were computed between various 
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Fig. 1. Genetic relations between dam and daughter for part and whole production. 


i Pi Gp Go 2 


GENETIC CORRELATIONS FOR PARTS OF LACTATIONS 1269 


cumulative parts and the cumulative 8-, 9-, and 10-nonth production by the 
method of Hazel (8). First lactations initiated at less than 3 vears of age for 
154 daughter-dam pairs were used. The genetic relations between part and 
whole record for both dam and daughter are indicated in Figure 1, where G and 
P represent genic and phenotypic values, respectively; D and O refer to dam 
and daughter, respectively; and p and w refer to part and whole record, re- 
spectively. Four correlations are possible between the phenotype of dam and 
daughter. These correlations, or the corresponding covariances, are substituted 
in the equation shown in Figure 1. This provides an estimate of the genetic 
correlation between part and whole record. The estimates are listed in Table 5. 


TABLE 5 
Genetic correlations between cumulative part records and whole records 


Length of whole record (days) 


Length of Milk Fat 
cumulative 
record 243 274 305 243° 274 305 
(days) 
30 0.91 0.92 0.96 0.96 1.02 LAT 
60 1.01 1.01 1.05 0.99 1.02 1.13 
90 1.05 1.06 1.12 1.02 1.06 1.20 
120 1.02 1.04 1.12 1.01 1.04 1.20 
150 1.02 1.05 BE 1.038 1.06 1.20 
181 1.01 1.03 1.08 1.02 1.04 1.13 
232 1.00 1.01 1.05 1.00 1.02 1.08 
243 1.00 1.02 1.01 1.05 
274 1.01 1.01 


The familiar automaticity in part-whole correlations does not influence the mag- 
nitude of these genetic correlations since the phenotypic correlations used are all 
between one trait in the dam and the same or another trait in the daughter. 

While sampling errors may cause correlations to exceed unity where they are 
thus computed from ratios between correlations, it is difficult to explain the 
trends in these correlations as the cumulative part approaches the whole record 
in length. These correlations would be expected to be high because it seems 
probable that genes which affect one part of the lactation would somewhat affeet 
other stages of the lactation. However, it also seems probable that some genes 
would somewhat alter the shape of the lactation curve. The figures obtained 
seem even higher than expected, but no explanation for that, except the possi- 
bility of sampling errors, was found. 

Robertson (77), using intrasire daughter-dam covariances based on about 
1,300 degrees of freedom, obtained a genetic correlation of 0.76 + 0.14 between 
70-day yield and 305-day yield. Robertson states that this is not significantly 
different from unity. 

High genetic correlations between part and whole lactations imply that the 
genes which affect production in the eariy parts of the lactation affect other 
parts of the lactation similarly. Genetic correlations near unity indicate that 
selection on the basis of part records may be accurate enough actually to increase 
genetic progress by permitting earlier evaluation, even though part records 
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may be somewhat less accurate than the whole record would be if one could wait 
for that. 

Relative efficiency of selection. According to the method reported by Lerner 
and Cruden (12), the relative efficiency of selection for whole record by using 
A Gwp 
A Gw 
where the numerator represents genetic progress in whole record when selection 
is on the basis of part record and the denominator represents genetic progress 
when selection is based on whole record. A Gwp = rawrp Me ope 2/v while A Gw 


part records as the selection criterion is indicated by the ratio 


= h*,, z/v. The ratio then becomes = In cases where 
w 
the computed genetic correlation (rgpa.e) exceeded unity, unity was used to ob- 


tain A Gwp. 


TABLE 6 
Relative efficiency of selection for whole record by using 
cumulative part record as the selection criterion 


Length of whole record (days) 


Cumulative Milk Fat 
part 
record 243 274 305 243 274 305 
(days) 
30 0.82 0.82 0.89 0.88 0.94 1.03 
60 0.86 0.84 0.88 0.94 0.98 1.07 
90 0.80 0.79 0.82 0.86 0.89 0.97 
120 0.75 0.74 0.77 0.80 0.82 0.90 
150 0.80 0.78 0.82 0.81 0.83 0.91 
181 0.88 0.86 0.90 0.87 0.90 0.98 
212 0.95 0.93 0.97 0.97 1.00 1.09 
243 1.00 0.98 1.02 1.00 1.03 1.12 
274 1.00 1.04 1.00 1.09 
305 1.00 1.00 


Table 6 contains the values found for the relative efficiency of selection for 
whole record by using the part record as the selection criterion. Part records 
are cumulative milk and butterfat production and whole records are 243-, 274-, 
and 305-day production for the same characters. Selection on the basis of first 
€0-day production best approaches the gain expected in the whole record until 
the part record is 6 months or more in length. This seems to indicate that first 
60- to 90-day production should be considered in preference to selection on a 
longer record, until the longer record is 6 months or more in length. 


SUMMARY 


The relations between various parts of completed lactations of at least 243 
days duration were considered in 599 lactations of 253 Holstein cows in the Iowa 
State College herd. 

Factors for estimating 305-day production from cumulative part records need 
to be different in first lactations and in later lactations. 


= 
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Average repeatabilities for single month milk and fat production and for 
cumulative month milk and fat production were 0.41, 0.32, 0.57, and 0.51, re- 
spectively. Average intrasire daughter-dam regressions for single month milk 
and fat production and for cumulative month milk and fat production were 
0.15, 0.09, 0.25, and 0.19, respectively. Genetic correlations between cumulative 
part and whole milk and fat production were over 0.9. Selecting on the cumu- 
lative part record would improve production nearly as much as selecting on the 
complete record itself, the efficiency values ranging from 0.74 to above unity. 
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EFFECTS OF VACUUM LEVEL AND MILKING DURATION ON 
GUERNSEYS AND HOLSTEINS DIFFERING WITH RESPECT 
TO LACTATION NUMBER AND STATUS OF UDDER HEALTH. 


UDDER HEALTH ' 


R. D. MOCHRIE, H. H. HALE, CECILIA M. DEMBICZAK,’ H. D. EATON, 
W. N. PLASTRIDGE, anv R. E. JOHNSON 


Animal Industries and Animal Diseases Departments, Storrs Agricultural Experiment Station 
AND 
GEOFFREY BEALL 


Statistics Department, University of Connecticut, Storrs 


The effects of vacuum level and machine milking duration on udder health 
are controversial (2, 8, 17). Although observations from field studies suggest 
that both of these factors might be detrimental to udder health, data from con- 
trolled experimentation have failed to relate vacuum level and udder health (6, 
7,9, 10, 13). With regard to machine milking duration, Dodd et al. (4) reported 
a greater incidence of clinical and subclinical mastitis in first-calf heifers sub- 
jected for their entire lactation to an 8-minute duration than in heifers subjected 
to a 4-minute duration. In possible contrast, half-udders of first-calf mastitis-free 
heifers subjected for a 40-week experimental period to either a ‘‘normal’’ or 
‘*twice normal’? milking duration did not have significantly different incidences 
of clinical mastitis, occurrences of mastitis organisms, or histological changes 
(6, 9). Similar findings were reported (/0) for cows more advanced in the num- 
ber of lactations and whose whole udders were milked for ‘‘normal,’’ ‘‘ twice 
normal,’ or ‘‘four normal’’ durations for 6 weeks. Log of leucocyte count and 
chloride content, however, were affected by milking duration in the latter two 
studies (9, 10). In the first-calf mastitis-free heifers, normal duration halves of 
udders had a greater log leucocyte number and chloride concentration than twice 
normal halves, whereas in the second study a direct relationship of log leucocyte 
count and chloride content with the log of milking duration was observed. The 
results from halves of udders were unexpected and difficult to evaluate; however, 
those from whole udders were interpreted as irritation directly attributable to 


increased milking duration. 

In light of these rather contradictory results, the present project was under- 
taken to determine the effects on the udder health of Guernseys and Holsteins, 
differing in number of lactations and status of udder health at the beginning of 
the experiment, when whole udders were milked at one of three vacuum levels 
and for a normal or an excessive milking duration. 
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EXPERIMENTAL PROCEDURE 


Animals. Forty-eight Guernsey and Holstein first-calf heifers and cows from 
the University of Connecticut herd (Streptococcus agalactiae-free) were on 
experiment from August, 1952, through July, 1953. These were selected from 
animals which were due to calve during this period. They were subjected during 
the first 4 weeks of lactation, the standardizing period, to uniform conditions of 
feeding and management and were milked at 13.5 in. of vacuum for a minimum 
duration as determined by the milking machine operator. 

Of these animals, 24 were Guernseys and 24 were Holsteins. Within each 
breed group, 12 were first-calf heifers and 12 were in their second or subsequent 
lactation. Within each breed-lactation subgroup of 12, six were selected for being 
‘‘infected’’ and six for being ‘‘clean.’’ Infected animals were those (a) which 
had an attack of clinical mastitis during the standardizing period and/or 
(b) which had leucocyte counts greater than 500,000 per milliliter in two or 
more of the four samples drawn during the third and fourth week postpartum 
and/or (c) which had mastitis organisms present in two or more of these samples. 
All other animals were considered clean. Average age, previous lactations, length 
of lactation, gestation time, and live weights of these animals are included in 
Table 1. 

At the beginning of the fifth week postpartum, the six animals within each 
breed, lactation, and infection grouping were randomly assigned to be milked 


TABLE 1 
Average age, previous lactations, length of lactation, gestation 
time, and live weight by experimental groupings 


Duration of Live weight 
gestation 
Length of — at comple- Stand- End of 
Expt. Age at Previous expt. tion of ardizing comparison 
classification calving lactations lactation experiment period period 
(years) (No.) (weeks) (days) (1b.) 

Tacuum level 

10 in. 4.0 1.6 43.9 179 1,081 1,115 

13.5 in. 4.2 1.6 43.6 196 1,179 1,190 

17 in. 3.4 0.9 42.9 174 1,073 1,133 
Milking duration 

Normal 3.9 1.5 43.8 185 1,116 1,133 

Twice normal 3.8 12 43.8 180 1,106 1,149 
Infection 

Clean 3.5 1.2 43.6 183 1,058 1,115 

Infected 4.2 15 44.0 182 1,164 1,166 
Lactation 

Heifer 2.4 0.0 44.0 185 990 1,052 

Cow 5.2 2.8 43.6 181 1,232 1,226 
Breed 

Guernsey 4.0 i Fy 43.6 200 976 997 

Holstein 3.7 11 44.0 166 1,246 1,267 


Standard deviation 
of an animal 0.8 10 0.6 70 115 131 
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at one of three vacuum levels and for one of two milking durations. The vacuum 
levels used were 10.0, 13.5, and 17.0 in. of mereury. The milking durations used 
were normal and twice normal. Normal duration was defined as the length of 
time from attaching the machine to the udder until the rate of flow, as deter- 
mined by suspending the milker unit from a hanging scale, dropped to 0.2 lb. or 
less for a 15-second interval (1). Twice normal was twice the normal duration 
for the particular cow concerned. The animals were milked at their assigned 
treatments from the fifth through the 44th week postpartum (or until dry), the 
comparison period. 

In the comparison period normal milking time was determined for both milk- 
ings on the first day of each 28-day period. The cows were machine stripped 
immediately after the normal or twice normal duration. The average of the 
morning and evening durations was used for the 27 days following each deter- 
mination. Milking was carried out with upright claw-type milkers operating at 
48 to 50 pulsations per minute. The method of preparing the animals for milking 
and the handling of the milking machines were identical to methods previously 
deseribed (9, 10). 

The only animals treated for mastitis were those with abnormal appearing 
milk accompanied by a body temperature of 104° F. or more and those with an 
inflamed swollen udder and a temperature of 103° F. or more. Treatment con- 
sisted of sodium sulfamethazine administration, first intravenously, followed by 
capsules orally for 3 days; quarters which were bacteriologically positive for 
mastitis organisms were infused twice with one tube of aureomycin* at a 48-hour 
interval. Chronic mastitis cases, in evidence only from strip cup examination, 
were not treated. 


All cows not shedding mastitis organisms were milked first. Those shedding 
hemolytic staphylococci in two consecutive weekly samples were milked second 
as a group, and those shedding mastitis streptococci or coliform organisms in 
two consecutive samples were milked last. Cows that had been milked second or 
last were again milked with the first group if no mastitis organisms were isolated 
from three consecutive weekly samples. 


Feeding. For 30 days prior to the calculated calving date all animals were 
fed a standard grain ration’ at 0.5 lb. per 100 Ib. live weight daily. For the first 
two 28-day periods postpartum the cows received 1.0 lb. of the same grain ration 
per 100 lb. live weight. For the third and remaining 28-day periods they were 
fed grain at 1.0 lb. for each 4.0 lb. of fat-corrected milk (FCM) produced (5) in 
the middle of the preceding period. The amount of grain fed on an FCM basis 
was not allowed to fall below an amount equal to 0.5 1b. per 100 Ib. live weight. 


‘Lederle aureomycin hydrochloride for udder infusion containing 426 mg. aureomycin per 
tube. 


° This grain mixture contained the following ingredients in pounds per ton: 660, crimped 
oats; 400, hominy feed; 320, wheat bran; 340, linseed oil meal o.p.; 200, molasses; 40, salt, 
and 40, steamed bone meal, and averaged 15.5% crude protein content. 


’ 
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Throughout the trial all animals were fed a grass mixed hay® ad libitum and 
approximately 20, 30, and 45 1b. daily of grass or corn silage for the Guernsey 
heifers, Holstein heifers and Guernsey cows, and Holstein cows, respectively. In 
season, pasture replaced the silage in the ration. 

Criteria and analyses. Twice weekly during the standardizing period and 
once weekly during the comparison period, approximately 10 ml. of milk was 
drawn aseptically from each quarter 2 to 4 hours after the morning milking. 
The four quarter samples from each cow were pooled for the determination of 
leucocyte count (to the nearest 10,000 per milliliter up to one million and to the 
nearest 100,000 over one million) and chloride content as previously described 
(9) and for the presence or absence of mastitis organisms in the fresh milk by 
routine procedures (12). A complete history of clinical mastitis cases was 
recorded. 

Milk weights were recorded at each milking to the nearest 0.1 lb., and a 2-day 
aliquot milk sample from each cow was taken in the middle of each 4-week period 
for fat determination by a modified Babcock method (176). 

During the standardizing period and again during the last 4 weeks of the 
comparison period physical examinations of each cow’s teats and udder were 
made by three veterinarians. Their scores for redness, openness, vegetation, 
proliferation, and congestion of the teats and for fibrosis of the udders according 
to Udall (15) were averaged. 

An analysis of variance was made to determine the effect of breed, age, 
infection, vacuum level, milking duration, and the first and second order inter- 
actions of the named main effects. Higher order interactions were regarded as 
negligible and therefore were used as an estimate of error variance (3). In 
addition to the average response for the entire comparison period, time trends 
were explored by separate analyses of first and second order orthogonal poly- 
nomial coefficients (17). Adjustment of the data obtained during the comparison 
period to those of the standardizing period by the method of covariance (3) 
produced no significant reduction (P > 0.05) in the error mean squares. 


RESULTS 


Leucocyte count and chloride content. Averages of the logarithm of the 
leucocyte count per milliliter times 10-* and chloride content in milligram per 
cent for both the standardizing and the comparison period, as well as weekly 
rates of change during the comparison period, expressed as linear and quadratic 
functions of orthogonal polynomial coefficients, are contained in Table 2. Vacuum 
level and milking duration were without statistically significant effect on the 
averages of these criteria. A greater weekly increase in chloride content was 
observed for animals milked at the 13.5 in. vacuum level than for those at the 
10 and 17 in. levels (P < 0.05). The animals subjected to the twice normal dura- 


“The hay graded on the average U. S. No. 1.6 timothy mixed, contained 7.0% foreign 
material, consisted of 44.4% timothy, 18.1% legumes, and 37.5% other grasses, and had 48.3% 
green color. 
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TABLE 2 
The effect of vacuum level, milking duration, degree of infection, lactation, 
and breed on chloride content and leucocyte counts of milk 


Leucoeytes Chlorides 
; Comparison period Comparison period 
Stand- Stand- 
ardizing Weekly rate of ardizing Weekly rate of 
period change“ period change“ 
Expt. 
classification Av. Av. Linear Quadratic Av. Av. Linear Quadratic 
[log (count/ml) X (mg. %) 

Vacuum level 

10 in, 1.870 1.755 0.006 0.191 106 129 1.78 0.04 

13.5 in. 1.644 1.721 0.011 0.184 102 140 2.48 0.01 

17 in, 1.749 1.701 0.005 0.610 95 131 1.82 0.13 
Milking duration 

Normal 1.761 1.774 0.002 0.265 96 134 1.84 0.00 

Twice normal 1.748 1.678 0.012 9.392 105 133 2.21 0.12 
Infection 

Clean 1.374 1.483 0.014 0.206 97 131 2.16 0.09 

Infected 2.134 1.969 0.000 0.451 104 136 1.89 0.03 
Lactation 

Heifer 1.670 1.463 0.001 0.437 94 115 1.46 0.00 

Cow 1.839 1.989 0.014 0.220 107 151 2.59 0.12 
Breed 

Guernsey 1.834 1.689 0.005 0.489 96 124 2.13 0.03 

Holstein 1.675 1.763 0.009 0.168 106 143 1.92 0.09 
Standard deviation 

of an animal 0.167 0.356 0.011 0.869 19 20 0.70 0.28 


“ Expressed as orthogonal polynomial coefficients (1/6). 


tion had more rapid linear weekly increases in leucocyte number (P < 0.05) and 
in chloride content (P < 0.10) than those milked at the normal duration. 

To explore possible initial effects of changing vacuum level and milking 
duration, calculations of the responses for the first 6 weeks of the comparison 
period were made. Average leucocyte counts for the 6 weeks, expressed as loga- 
rithms of the count times 10°*, were 1.71, 1.55, and 1.65 for the 10, 13.5, and 17 
in. vacuum levels, respectively, and 1.76 and 1.51 for the normal and twice normal 
durations with a standard deviation per animal of 0.42. Similarly values for the 
chloride content in milligrams per cent were 105, 99, 104, and 103 and 103 for the 
vacuum level and duration treatments with a standard deviation per animal of 
18. With the exception of slightly higher leucocyte numbers in the normal dura- 
tion group than in the twice normal (P < 0.10), no other effects of vacuum level 
or milking duration were observed for the first 6 weeks of the comparison period. 

The milk from animals classified clean with respect to mastitis during the 
standardizing period had fewer leucocytes on the average and lower weekly rates 
of increase of leucocytes during the comparison period than did the milk from 
animals classified as infected (P < 0.01). The milk from first-calf heifers had 
fewer leucocytes and a less pronounced weekly rate of increase of leucocytes 
than did the milk from those animals with one or more previous lactations 
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(P < 0.01). In this experiment, the milk from Holsteins had a greater number 
of leucocytes and a higher chloride content than did the milk from Guernseys ; 
however, only the difference for chlorides was found to be statistically significant 
(P < 0.01). 

Mastitis. The angles (14) of the percentage of the milk samples free from 
mastitis organisms during the last 2 weeks of the standardizing period and the 
entire comparison period and the square roots of the number of clinical cases 
of mastitis plus one-half (74) in both the standardizing and comparison periods 
are presented in Table 3. Neither vacuum levels nor milking duration had an 
appreciable effect on the per cent of observations free from mastitis organisms. 
As might be expected, clean animals and first-calf heifers had greater percentages 
of samples free of mastitis organisms than did infected animals (P < 0.01) and 
those with one or more previous lactations (P < 0.05). 

Twelve cases of clinical mastitis‘ (animals exhibiting rectal temperatures of 
103° F. or above and yielding an udder secretion that contained mastitis organ- 
isms and a leucocyte count greater than 500,000) were observed during the com- 
parison period. Statistical analysis failed to demonstrate significant differences 
due to any of the experimental classifications. 

Udder and teat-end scores. The square root of the udder fibrosis and teat-end 
scores plus one-half (74) are given in Table 4. Animals classified infected and 
those with one or more previous lactations had higher udder fibrosis scores than 
clean animals and first-calf heifers. Although in general teat-end scores tended 
to be higher with either an increase in vacuum level or an increase in milking 
duration, these differences were found not to be statistically significant. The high 
standard deviations per animal of the teat-end scores in relation to their respee- 
tive means (i.e., the coefficient of variation) indicated that these scores were less 
precise than the leucocyte count, chloride content, and percentage of the milk 
samples free from mastitis organisms. 


DISCUSSION 


It seems reasonable to assume that vacuum per se has little or no direct effect 
on udder health over the levels studied in this experiment. The greater weekly 
increase in chloride concentration in milk from animals milked at 13.5 in. of 
vacuum can be discounted in view of the failure to demonstrate an effect of 
vacuum level on leucocyte count, percentage of samples free from mastitis organ- 
isms, clinical cases, and histopathological changes in udder tissue as reported in 
this paper and in other studies (6, 7, 9, 10, 13). 

Leaving the milker attached to the udder after milk flow has decreased to a 
very low rate (the twice normal duration) brought about more rapid weekly 
increases in leucoeyte and chloride values of the milk, thereby confirming a 
previous study from this station (10). However, no appreciable change was 


* During the standardizing period, two clinical eases of hemolytic staphylococci were identi- 
fied by standard laboratory procedures (12). During the comparison period there were eight 
clinical eases of coliform, three of hemolytie staphylococci, and one of Str. uberis. 
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observed in the percentage of milk samples free from mastitis organisms or the 
number of clinical cases to substantiate the report by Dodd et al. (4). There are 
several possible explanations for the failure in this and prior experiments to 
observe clinical responses similar to those reported by the Reading workers in 
heifers milked for an 8-minute duration over the entire lactation. First, less 
precaution against transfer of mastitis organisms (teat cup rinse between cows, 
milking infected cows after clean ones, etc.) was taken by Dodd et al. than in the 
investigations conducted at the Storrs Station. Secondly, all cows in this herd 
have been free from S. agalactiae for a period of years, including those during 
which these investigations were carried out. This organism is known to be the 
most common cause of chronic mastitis in herds where its eradication has not 
been undertaken (2, 8, 77). Further, these trials were carried out under the 
environmental conditions existing in only one herd, whereas the report by the 
Reading workers covered several herds. In addition, the number of animals 
(replicates) used in the Storrs trial was more limited. The source of animals, 
however, was not as restricted as the one herd might indicate, since a consider- 
able number of the experimental animals were purchased from other herds. 

It should be emphasized that the irritation to the udder tissue due to excessive 
milking duration, as reported in these studies, might have resulted in a more 
drastie response if carried out in herds where S. agalactiae was present and/or 
poor sanitation and mastitis control practices were employed. Since removal of 
the machine as soon as milking is complete is compatible with economical milking 
procedures, it becomes apparent that excessive milking durations should not be 
tolerated. 

The occurrence of clinical mastitis which could not be attributed to improper 
milking practices should divert attention from the role of mechanical milking to 
more basic causes of mastitis. Among other important factors which need further 
elucidation are: antibacterial properties of the milk, tissue sensitivity, teat 
pateney, individual cow susceptibility, and hereditary factors. 


SUMMARY 


Forty-eight animals, after a 4-week standardizing period immediately after 
calving, were assigned to be milked from the 5th to the 44th week of lactation 
at either 10, 13.5, or 17 in. of vacuum and for a ‘‘normal”’ or ‘‘twice normal’’ 
duration. Of these animals, 24 were Guernseys and 24 were Holsteins. Within 
each breed group, 12 were first-calf heifers and 12 had one or more previous 
lactations. Within each breed-lactation group of 12, six were selected for being 
‘‘clean’’ of mastitis and six for being ‘‘infected.’’ The latter was based on the 
occurrence of a clinical case of mastitis and/or the occurrence of more than 
500,000 leucocytes per milliliter of milk and/or the presence of mastitis organisms 
in the milk during the standardizing period. The following resuits were observed : 

1. Animals milked at 13.5in. of vacuum had greater weekly increases in 

chloride content of the milk than did those milked at 10 and 17in. No 
effect of vacuum level on any of the other criteria studied could be ascer- 
tained. 


te 
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2. Twice normal milking duration resulted in greater positive weekly changes 
in leucocyte number and chloride content of milk than did the normal 
milking duration. 

3. Animals classified clean with respect to mastitis and first-calf heifers had 
fewer leucocytes, less pronounced weekly rates of increase in leucocytes, 
greater percentages of milk samples free of mastitis organisms and lower 
udder fibrosis scores than did animals classified infected and those with 
one or more previous lactations, respectively. 

+. Holsteins in this experiment had on the average a higher chloride content 
in their milk samples than did Guernseys. 

5. Teat-end morphology as indicated by scores had a tendency to change 
with an increase in vacuum level and milking duration; however, the 
differences in the scores were found not to be statistically significant. 
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TO LACTATION NUMBER AND STATUS OF UDDER HEALTH. 


Il. MILK YIELD, MILKING TIME, AND RATE OF MILK FLOW: 
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Although considerable data from studies of short duration indicated factors 
in the operation of milking machines which affected rate of milking (1, 3, 7, 12, 
16, 17), there was a paucity of information as to how these factors influenced 
milk yield and rate of milking over an entire lactation. In mastitis-free first-calf 
heifers milked at vacuum levels of 10, 13, or 17 in. of mereury for a 40-week 
period, no appreciable differences in milk yield were observed (10). However, 
with an inerease in vacuum level, milking time decreased and rate of flow in- 
creased. The time spent in stripping and the amount of strippings, the latter 
expressed as a percentage of total yield, appeared to be least for the 13 in. 
group; whereas time to reach peak rate of flow was not significantly affected. 

Milking first-calf heifers for an 8-minute duration over a 305-day lactation 
period resulted in a greater fat percentage in the milk than that of heifers milked 
for a 4-minute duration (6). Halves of udders of mastitis-free first-calf heifers 
milked for a ‘‘twice normal’’ duration gave greater milk yields than those halves 
milked for a ‘‘normal’’ duration (10); however, no significant differences in fat 
pereentage were observed. In the first of these studies (6), milking rates were 
reported to be unaffected by milking duration; whereas in the second (10), 
faster average rates of flow were observed in the halves of udders milked for the 
twice normal duration. 

The present project was undertaken to extend the information of the effects 
of vacuum level and milking duration on milk yield, milking time, and rate of 
milk flow, over an entire lactation, of Guernseys and Holsteins differing with 
respect to number of lactations and status of udder health. 


EXPERIMENTAL PROCEDURE 


Animals and feeding. Forty-eight animals from the University of Connecticut 
herd (Streptococens agalactiae-free) were placed on experiment from August, 
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1952, through July, 1953. Of these, 24 were Guernseys and 24 were Holsteins. 
Within each breed group, 12 were first-calf heifers and 12 were in their second 
or subsequent lactation. Within each breed-lactation sub-group of 12, six were 
selected for being mastitis ‘‘infeeted’’ and six for being mastitis ‘‘clean.’’ Selec- 
tion was made during the standardizing period, which consisted of the first 
4-weeks of lactation. During this period, all animals were milked at 13.5 in. of 
vacuum for a minimum duration determined by the milking machine operator. 

At the beginning of the fifth week post-calving, the six animals within each 
breed, lactation, and mastitis grouping were randomly assigned to be milked at 
one of three vacuum levels, 10, 13.5, and 17 in. of mereury, and for a normal or 
twice normal milking duration. Nermal duration was defined as the period of 
time from attaching the milking machine to the udder until the rate of flow 
dropped to 0.2 Ib. or less for a 15-second interval (7). Twice normal was twice 
the normal duration for the particular animal concerned. The milking duration 
for each cow was determined the last day of the standardizing period and ad- 
justed at 4-week intervals thereafter. The animals were milked at their assigned 
milking treatments from the fifth through the 44th week of lactation (or until 
dry), the comparison period. Milking was carried out with upright claw-type 
milkers operating at 48 to 50 pulsations per minute. Vacuum and rate of pulsa- 
tion were checked weekly. 

Details of the selection, management, and feeding of the animals are con- 
tained in the previous paper (74), which reported the effects of vacuum level and 
milking duration on udder health. 

Criteria and analyses. Milk yields were recorded to the nearest 0.1 lb. daily 
at the morning and evening milking. Two-day aliquot milk samples were ob- 
tained from each cow for fat determination by a modified Babcock procedure 
(18) during the fourth week of the standardizing period and during the middle 
of each consecutive 4-week interval of the comparison period. The amount of 
fat-corrected milk (FCM) was caleulated from Gaines’ formula (9). 

Milking time was defined as the period from the application of the teat cups 
until the rate of milk flow decreased to 0.2 lb. or less for a 15-seecond interval 
(similar to normal duration). It was determined by hanging the milker unit 
from a suspended Toledo seale (Model 1001) and recording its weight to the 
nearest 0.1 1b. at successive 15-second intervals. Stripping time, during which 
the milking machine operator applied downward pressure on the teat cup claw 
as well as downward massaging of the udder, was the period from the completion 
of normal or twice normal milking time to termination at the operator’s disere- 
tion. Both milking time and stripping time were determined at the morning 
and evening milkings on the last day of the standardizing period and on the first 
day of each cow’s successive 4-week interval during the comparison period. 
Thus each cow had a total of 10 daily observations for the comparison period. 
The amount of strippings expressed as a percentage of the total pounds of milk 
also was determined at the same intervals. 

Average rates of flow for the interquartile range, the middle half of the 
milking period, and for the entire range were caleulated from milk weights 
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recorded at successive 15-seecond intervals during the determination of milking 
time. Time to reach peak rate of flow was defined as the time from the applica- 
tion of the teat cups to the first 15-second interval during which maximum milk 
yield was obtained. 

The statistical analyses were similar to those previously described (14). Time 
trends of the various response criteria over the 40-week comparison period were 
explored. However, only the linear trends are reported herein because of the 
relatively small contribution to the total sums of squares of higher order trends. 
Adjustment of the comparison period values for those of the standardizing period 
was made by the method of covariance when accounting for a significant redue- 
tion (P < 0.05) in the error variability. 


RESULTS 


Milk production. Average daily pounds of milk, fat, and FCM, as well as fat 
percentage, are given in Table 1. Animals milked at the 13.5in. vacuum level 
produced milk of slightly lower percentage fat and fewer pounds of fat 
(P < 0.10) than did animals milked at either the 10 or 17 in. vaeuum level; 
however, no statistical differences were observ;d when the milk yields were 
equated to FCM. The response to vacuum levels was not consistent across infee- 
tion and lactation classifications. For animals classified clean, the 13.5 in. vacuum 
level resulted in the greatest milk production; whereas for animals classified 
infected the 13.5in. vacuum level resulted in the lowest milk production 
(P < 0.01). Similarly, heifers produced more milk on the 13.5 vacuum level ; 
whereas cows produced the least amount of milk at this vacuum level (P < 0.01). 
The time trends (Table 1), expressed as rate of change per 4-week period, fol- 
lowed essentially the same pattern as the average responses. 

Animals milked for the twice normal duration showed a slight advantage in 
pounds of milk and pounds of fat produced over animals milked for the normal 
duration. Although the fat percentage of milk from the twice normal animals 
was slightly lower, an apparent increase in FCM production resulted. It was 
of interest that Holsteins, in this experiment, milked for the twice normal dura- 
tion yielded considerably more pounds of milk, fat, and FCM than those milked 
for the normal duration, whereas the opposite was true for the Guernseys 
(P < 0.01). 

Animals classified mastitis clean, first-calf heifers and Guernseys gave fewer 
pounds of milk, fat, and FCM than did those classified mastitis infected, cows, 
and Holsteins. 

Milking time and machine stripping. The average total time per cow per day 
spent in milking and stripping and amount of strippings expressed as a percent- 
age of the total yield of milk are presented in Table 2. Although the average 
time spent in milking decreased in a linear manner with an increase in vacuum 
level (P < 0.05), such a relationship was not found for stripping time and 
amount of strippings. As was expected because of the individuality of cows 
with respect to milking and stripping time, the values observed during the com- 
parison period were correlated with those of the standardizing period. This 
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allowed adjustment of the comparison period values for those of the standardiz- 
ing period. These adjusted values in seconds per cow per day were for average 
milking time 552, 441, and 367 (P < 0.001) and for stripping time 136, 126, and 
132, respectively, for the 10, 13.5, and 17 in. vacuum levels. The least amount 
of time spent in stripping (adjusted values) was for the animals milked at the 
13.5 in. vacuum level; however, the differences did not approach statistical sig- 
nificance. The amount of strippings was least for the animals milked at the 10 
in. vacuum level (P < 0.05). These results of milking time with respect to 
vacuum level appeared to be fairly consistent across mastitis, lactation, and 
breed classifications. However, the decrease in milking time with an increase 
in vacuum level was considerably less for animals milked for the twice normal 
duration than those milked for the normai duration (P < 0.05). In the former 
group there was little difference between the 13.5 and 17 in. vacuum levels. 

Animals milked for the twice normal duration required less time for stripping 
than did those milked for the normal duration (P < 0.05). There were inappre- 
ciable differences in milking and stripping times and amount of strippings within 
infection and lactation classifications. However, Guernseys required less time 
to milk than did Holsteins; this probably was due, in part, to the smaller milk 
yield of the Guernseys. 

On the average, total daily milking time (Table 2) decreased at a rate of 34 
seconds per 4-week interval over the lactation, and the amount of strippings 
inereased by 2% per 4-week period. The rate of change for stripping time was 
not appreciable. 

Rates of milk flow. In Table 3 are presented the average rates of flow in 
pounds of milk per cow per 15-second interval for the interquartile range, the 
entire milking interval, and the average seconds per cow per day to reach peak 
rate of flow. Average rates of flow, both interquartile range and entire range 
values, increased linearly with an increase in vacuum level (P < 0.05); time to 
reach peak rate of flow decreased (P < 0.05). Comparison period averages ad- 
justed for the values observed during the standardizing period for the 10, 13.5, 
and 17 in. vacuum levels were, respectively, 0.9, 1.0, and 1.3 1b. per 15-second 
interval for the interquartile range rates of flow (P < 0.001); 0.8, 0.9, and 1.2 
for the entire range rates of flow (P < 0.001); and 204, 152, and 125 seconds 
for the time to reach peak rate of flow (P < 0.01). The response of the average 
rates of flow to an increase in vacuum level was considerably less in heifers than 
in cows (P < 0.05 for the adjusted values). Also, animals milked at the twice 
normal duration responded to a lesser degree than did those milked for the 
normal duration (P < 0.05). Milking duration was without appreciable effect 
on milking rates or time to reach peak rate of flow. 

Guernseys milked at slower average rates than did Holsteins (P < 0.01) and 
heifers slower than cows (P < 0.01 for entire range; P < 0.05 for interquartile 
range). The difference between breeds was not accounted for by adjustment of 
comparison period values for those of the standardizing period (P < 0.05 for 
entire range and P < 0.01 for interquartile range); whereas the difference 
between heifers and cows was accounted for. Guernseys required less time to 
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reach peak rate of flow than did Holsteins (P < 0.05), and this difference appar- 
ently remained after adjustment (P < 0.10). 

The average linear rates of change per 4-week period (Table 3) were inappre- 
ciable with regard to rates of milking; however, they were of considerable mag- 
nitude for time to reach peak rate of flow and in general followed the same trends 
as the averages. 


DISCUSSION 


From the results of this experiment and the previous one (10) it seems reason- 
able to make the assumption that vacuum levels per se have no appreciable effect 
on milk production. This is particularly apparent when consideration is given 
to the inappreciable differences in FCM between vacuum levels. 

Vacuum levels are of considerable influence in reducing milking time and 
time to reach peak rate of flow as well as increasing milking rates per unit of 
time. The results reported herein are similar to those obtained in short-time 
studies reported by Smith and Petersen (1/6) and Baxter et al. (1) and in a 
40-week study of mastitis-free first-calf heifers (70) and extend these general 
findings to animals with more than one lactation and to animals clean and 
infected with mastitis. 

It has been generally accepted that increasing the vacuum level results in 
increased stripping time and amount of strippings (1, 16). This has been 
explained by greater teat cup crawling directly related to vacuum level, thereby 
obstructing or occluding the milk passageways at the base of the teat. Although 
the differences were of relatively small magnitude, the data from this study and 
the previous one (/0) indicate that, for the milker unit used, a vacuum level of 
approximately 13 to 13.5in. results in minimum stripping time. Therefore, it 
might be considered that insufficient vacuum was present to remove all the milk 
from some of the animals milked at the 10 in. level. This, of course, applied 
only to the particular milker unit used in this study, and it indicated that each 
particular milker unit may have a unique vacuum level (or possibly a narrow 
range of levels) which results in minimum stripping time. 

Leaving the milking machine on the udder for an extended duration resulted 
in slightly greater vields of FCM, 1.0 1b. per cow per day for this experiment 
and 1.21lb. for the experiment previously reported (10). Similarly, the time 
spent in stripping was less in both experiments, which was apparently due to 
the extra milk obtained during the period after normal milking. However, 
because of the possible irritation to the udder tissue (14) and the excessive chore 
time involved, this practice cannot be recommended. 

The greater milk production and slower rates of milk flow of the animals 
classified infected with mastitis as compared to those classified clean are contrary 
to previous reports in the literature (8, 17, 13). Two of these reports (11, 13) 
dealt with Streptococcus agalactiae infections, which were not present in the 
animals used in this study. However, in one of the previous reports (8) staphylo- 
coccus was the organism causing the majority of the new infections. Two possible 
explanations for the difference were (a) that the organisms present in this study, 
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mainly staphylococcus, failed to cause sufficient tissue damage to reduce milk 
yield during the experimental period or (b) that inherent differences existed in 
production and teat structure between the animals used in this experiment and 
those in the experiment of Dodd and Neave (8). Clearly, additional information 
is needed on the causative mechanism of mastitis before such differences can be 
adequately explained. 

The differences between animals in their first lactation (heifers) and those 
with one or more lactations (cows) and between breeds (Guernseys and Hol- 
steins) were largely expected and agree essentially with previous work (2, 4, 5). 

It should be noted that the quantitative aspects of the results reported herein 
and those of others previously cited apply only to the particular milking machine 
under test. The recent report of Porter et al. (15), in which two different ma- 
chines were used, one designed to operate at 13.5 in. of vacuum and at 48 pulsa- 
tions per minute and another at 10 in. of vacuum and 120 pulsations per minute, 
indicated that ‘‘either machine, when properly operated, did a good job of 
milking.’’ However, in general the qualitative aspects of the results reported 
herein and those of others can be accepted. For example, it appears reasonable 
to assume that with an increase in vacuum, for any given machine, rate of milk 
flow will increase, but the magnitude of the increase will probably be charac- 
teristic of the particular machine. 


SUMMARY 


Forty-eight animals from a Streptococcus agalactiae—free herd, after a 4-week 
standardizing period immediately after calving, were assigned to be milked from 
the fifth to the 44th week of lactation at either 10, 13.5, or 17 in. of vacuum and 
for a ‘‘normal’’ or ‘‘twice normal’’ duration. Of these animals, 24 were Guern- 
seys and 24 Holsteins. Within each breed group, 12 were first-calf heifers and 
12 had one or more previous lactations. Within each breed-lactation group of 12, 


six were selected for being ‘‘clean’’ of mastitis and six for being ‘‘infeeted.”’ 
The following results were obtained : 


1. No appreciable differences in milk yield and FCM were observed between 
vacuum levels. Milking time and time to reach peak rate of flow de- 
creased in a linear manner and rate of milk flow inereased. The least 
amount of time spent in stripping was at the 13.5 in. vacuum level, and 
the least amount of strippings, expressed as a percentage of the total 
yield, was at the 10-in. level. 

Leaving the milking machine on the udder for an extended duration 
(twice normal) resulted in slightly greater vields of FCM (1.01b. per 
cow per day) and decreased stripping time. 


bo 


3. In this experiment, mastitis infected animals gave greater milk yields 
and had slower rates of milk flow than did the mastitis clean animals. 


4. The differences between first-calf heifers and animals with one or more 
lactations and between Guernseys and Holsteins agreed in general with 
previously published studies. 
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PEOPLE ad EVENTS 
tx the Dairy Science World 


IAMFS Names Officers and 
Presents Awards 


H. 8S. Apams, Indianapolis, was formally in- 
stalled as president of Intern. Assoe. of Milk 
and Food Sanitarians as some 300 participants 
from the United States and Canada brought 
their 42nd Annual Meeting to a close Oct. 6 at 
the Bon Air Hotel in Augusta, Ga. He sue- 
ceeds IvAN ParkKIN of Pennsylvania Park, Pa. 
Pau. CorasH, New York City, was named 
president-elect. Other ofticers elected were: W. 
A. Hoskisson, supt. of sanitation and quality, 
Arden Sunfreze Creameries, Salt Lake City, 
first vice-president; H. B. Ropinson, Milk and 
Food Program, U. S. Publie Health Service, 
Washington, D. C., second vice-president; and 
H. H. Wi_kowske, Gainesville, Fla., seeretary- 
treasurer. 

Two sanitarians—one a city health depart- 
ment employe and the other a veteran of the 
U.S. Public Health Service—were honored with 
citation awards at the banquet of the IAMFS. 
Receiving the awards were R. G. Ross, chief 
milk sanitarian of the Tulsa, Oklahoma, City- 
County Health Department, and A. W. Fucus, 
long-time top adminstrator of the milk and food 
program of the U. S. Public Health Service 
and currently serving in Jamaica with the 
Intern. Cooperation Admin. as adviser on en- 
vironmental sanitation problems. 

Dr. Ross served as president of the Associa- 
tion in 1947, and has been active on numerous 
important IAMFS committees. In addition, he 
served on the Special Committee to the Dairy 
Branch of the War Production Board during 
World War II. He was for several terms audi- 
tor of the Association. 

Mr. Fuchs joined IAMFS in 1928 and be- 
came its president in 1949. He served on the 
Executive Board for 6 years. He has served 
as chairman of the Advisory Committee to The 
War Production Board and has been active on 
committees dealing with sanitary procedure, 
milk regulations and ordinances, and communi- 
cable diseases. He has been associate editor of 
the Journal of Milk and Food Technology since 
1947 and has contributed numerous papers to 
that journal. Mr. Fuchs also was active in 
bringing about the participation of IAMFS 
and the U. S. Public Health Service with proper 
dairy industry bodies in the formation of 3-A 
Sanitary Standards for Dairy Equipment and 
in establishing standards for other food equip- 
ment. The Citation Awards were presented by 


J. D. Fautxner, chairman of the 
Committee on Recognition and Awards. 

B. G. TENNANT, chief sanitarian of the Ks- 
cambia County Health Dept., Pensacola, Fla., 
received the Sanitarian’s Award for the most 
meritorious contribution to the health and wel- 
fare of his community in the past 5 years. The 
award carries with it a cheek for $1,000. This 
presentation also was made at the 42nd annual 
banquet of the IAMFS. Administered by 
IAMFS, and presented annually only to munici- 
pal or county sanitarians, this award is the 
highest national recognition bestowed upon pro- 
fessional local sanitarians. 

The award is sponsored by five companies: 
Diversey Corp., Klenzade Products, Ine., Oak- 
ite Products, Ine., Olin Mathieson Chemical 
Corp., and the Pennsylvania Salt Manufactur- 
ing Co. The firms, however, have no voice in 
selecting recipients. 


F. F. Hill Assumes Ford Foundation 
Vice-Presidency 


F. F. Hiri, former governor of the Farm 
Credit Admin. and recently provost of Cornell 
Univ., has assumed office as vice-president of 
the Ford Foundation. He will have particular 
responsibility for the Foundation’s efforts to 
assist countries in Asia and the Near East raise 
their standards of living and learning. Dr. Hill 
is a member of the Board of Governors of the 
Federal Reserve Bank of New York. Since his 
service with the Farm Credit Admin. he has 
also aided the government as a consultant to 
the Economie Cooperation Admin. 


At Cornell, Dr. Hill has been professor of 
land economies, head of the Dept. of Agricul- 
tural Economies, and provost. He has served 
also as president of the American Farm Eco- 
nomies Assoe., as a director of the Center for 
Advanced Study in the Behavioral Sciences, 
and as a member of the National Planning 
Assoc. Committee which studied technical as- 
sistance in Latin America. 


Conferences to Be Held 


The 5th Annual Dairy Industry Conference 
sponsored by the Dept. of Dairy Science at 
the Univ. of Arizona will be held Jan. 25 and 
26, 1956. Guest speakers will include H. C. 
Otson, Dept. of Dairying, Oklahoma A. & M.; 
Morris Hire, Traey-Locke Co., Dallas, Tex.; 
M. E. Poweii, Knudsen Creamery Co., Los 
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Angeles; and J. H. Sreexe, chief, Veterinary 
Public Health, U. 8. Public Health Service. 


Michigan State Univ. will hold its 4th Annual 
National Dairy Engineering Conference March 
13 and 14, 1956, at the Kellogg Center, East 
Lansing. Proceedings of the meeting will be 
supplied all those who attend. 


News from Louisiana 


W. S. Grirritn, former research associate 
at the Louisiana State Univ., has accepted an 
appointment as assistant professor and assis- 
tant dairy husbandman in the Virginia Agri- 
cultural Extension Service at Blacksburg. He 
received the B.S. degree in dairy husbandry at 
Penn State in 1953 and the M.S. degree in 
dairy production at L.S.U. 


B. B. Jones, long a prominent figure in 

Louisiana agriculture, retired as Orleans Parish 
agent recently. As a leader in many statewide 
projects as well as a county agent, he was able 
to do much for the advancement of dairying. 
Probably his greatest contribution was the part 
he took in organizing the Tick Eradication 
Committee. He campaigned throughout the 
state for the legislative measures necessary to 
earry out this work and assisted in the drafting 
of many dairy laws. He also served as secre- 
tary-treasurer of the Louisiana Jersey Cattle 
and Dairy Assoe. and as co-editor of the 
Louisiana Dairyman. 
. His county agent work extended beyond the 
state of Louisiana, placing him on_ several 
committees of the National Assoc. of County 
Agents. He issued a weekly newsletter and 
carried on a radio program of timely agricul- 
tural news. Mr. Jones retired to a small farm 
near Denham Springs, La. 


Twelve graduate students are enrolled in the 
Louisiana State Univ. Dairy Department, rep- 
resenting schools in Louisiana, Oklahoma, Ar- 
kansas, Tennessee, Puerto Rico, and Venezuela. 


At least 10% inerease in Louisiana dairy 
production is expected during the next year as 
a result of the high yield of the feed crops: 
corn, oats, and hay. There is approximately 
15% more home-grown dairy cattle feed in the 
state than normally. 


The Louisiana average blend price for milk 
in August was $5.34 per hundredweight for 4% 
milk, Class I price during October for the 
New Orleans milk shed was $6.37. 


Dairy Industry to Have Exhibit at 
International Trade Fair 


Arrangements are being completed for the 
first educational exhibit of milk and dairy 
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products at an international trade fair. Devel- 
oped by Dairy Industries Society, International, 
as part of its program to promote the use of 
milk and dairy products in all parts of the 
globe, this exhibit, to be staged at the Interna- 
tional Trade Fair in Bogota, Colombia, Nov. 
25 to Dee. 11, is the result of cooperation be- 
tween industry, as represented by DISI, and 
the U. S. and Colombian governments. 

The dairy display will inelude nearly all 
types of dairy products and will tell the story 
of milk’s benefits in both display materials and 
printed leaflets. A special feature will be a 
demonstration of continuous ice cream making 
and of the recombining of dry milk solids and 
anhydrous butterfat into beverage milk. Sam- 
ples of each of the products will be dispensed, 
and it is expected that there will be special 
demonstrations for teachers, medical and wel- 
fare officials, parents’ organizations, ete. At- 
tendance at the Bogota Fair is expected to run 
to a million and a half. 

Much of the equipment for the recombining 
demonstration and for the,ice cream making, 
as well as the paper cups, has been donated or 
loaned by U. S. dairy equipment and supply 
manufacturers. The U. S. National Dairy Coun- 
cil, under the direction of its president, Miron 
Hutt, is cooperating in the preparation of the 
educational materials to be distributed at the 
Fair. Dairy products for the demonstrations 
are being furnished through the Commodity 
Credit Corp. of the USDA. 


Ohio State News 


L. H. Burawa.p, who has been on leave from 
the Dept. of Dairy Technology, has announced 
his plans to retire from the University and to 
devote his full time to his assignment with the 
Foreign Agricultural Service. Professor Burg- 
wald earned his B.S. degree at Ohio State in 
1914 and his M.S. degree at the Univ. of Wis- 
consin in 1941. Immediately after graduating 
in 1914, Burgwald became manager of the 
Moraine Dairy at Dayton, Ohio. In 1917 he 
transferred to the John Wilde Milk Condensing 
Co., Horsehead, N. Y., for a short time and 
then accepted a position with the USDA, 
where his main interests were in extension and 
research. 

During his 25 years at Ohio State his main 
fields of teaching were in market milk, prin- 
ciples of dairy technology, and advanced test- 
ing. In addition, he has taught courses in 
cheesemaking, concentrated milk products, but- 
termaking, refrigeration, and the judging of 
dairy products. For 13 years at Ohio State he 
was coach of the dairy products judging team, 
and under his guidance Ohio State teams won 
the championship six times in the Intern. Stu- 
dents Dairy Products Judging Contests. Pro- 
fessor Burgwald was honored by his former 
students at the last annual Dairy Technology 
Conference. At that time they presented him 


PEOPLE AND EVENTS 


with an album of letters of appreciation and a 
complete photographie outfit. 

In January, 1955, Professor Burgwald was 
granted a year’s leave of absence to work as a 
marketing specialist with the Foreign Agricul- 
tural Service of the USDA. He has completed 
surveys in Japan, Hong Kong, India, Pakistan, 
Egypt, Italy, and England in order to establish 
outlets for surplus American dairy products. 


Emmett Basserr has been appointed a re- 
search fellow in the Dept. of Dairy Technology. 
He is working toward his doctor’s degree, hav- 
ing received a B.S. degree from Tuskegee Insti- 
tute and a master’s degree from the Univ. of 
Massachusetts. His field of research is in the 
lesser known flavor constituents of cheese. 


Mrs. Jan Huser has been appointed to the 
post of assistant in the Dept. of Dairy Tech- 
nology. She will assist in the cheese research 
project now under way. Mrs. Huber received 
a B.S. degree in dairy technology from Purdue 
Univ. in 1955, 


DonaLp VELL has enrolled in the graduate 
program of the Dept. of Dairy Technology, on 
a DISA scholarship from Kansas State College. 
He was a member of the judging team from 
Kansas that won honors at the 1954 student 
judging contest. 


PALAMAND SURYANARAYAMA Rao of Banga- 
lore, India, has enrolled in the graduate pro- 
gram of the Dept. of Dairy Technology. Mr. 
Rao’s primary field of interest is in bacteri- 
ology. He received a bachelor’s degree from 
the Univ. of Mysore and a master’s degree from 
the Univ. of Bombay. 


PreswiwentT H. L. Bevis has announced that 
on June 30, 1956, he will retire as president of 
The Ohio State Univ. President Bevis assumed 
his present post in 1940, having served, prior 
to coming to Ohio State, as justice of the Ohio 
Supreme Court, two terms as state finance 
director, and as professor of business adminis- 
tration at Harvard Univ. During his term of 
office, Ohio State enrollment increased from 
13,073 in 1940 to 25,400 in 1947 and is now 
21,500. 


Dean of the Graduate Sehool, N. P. Hupson, 
has tendered his resignation to the Board of 
Trustees. In his letter, Dean Hudson asked to 
be relieved of his administrative duties and be 
allowed to return to teaching and researeh in 
the Dept. of Bacteriology. 


The Ohio Dairy Produets Assoe. is under- 
going a reorganization which will make it more 
effective and flexible. For purposes of repre- 
sentation on the Executive Board, the state has 
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been divided into nine geographical sections, 
each of which will elect a chairman, a secretary, 
a member of the Ohio Ice Cream Division 
Board of Trustees, and a member of the Ohio 
Milk Distributors Board of Trustees. 


Third International Congress on Animal 
Reproduction to Be Held 


The 3rd Intern. Congress on Animal Repro- 
duction (Physiology, Pathology, and Artificial 
Insemination) will be held in Cambridge June 
26-30, 1956. The Congress is arranged by the 
Intern. Standing Committee on Physiology and 
Pathology of Animal Reproduction and of 
Artificial Insemination, of which the president 
is Nits LaGeritor, Stockholm. Further, a 
United Kingdom Organizing Committee has 
been established with representatives from the 
Ministry of Agriculture, Fisheries and Food; 
the Milk Marketing Boards of England, Wales, 
and Seotland; the Agricultural Research Coun- 
cil; the Society of Animal Breeding; the 
British Society of Animal Reproduction; the 
British Veterinary Association; the Council 
of the Royal Agricultural Society of England; 
the National Farmers’ Union; and the Veterin- 
ary School, Cambridge. 

Sir THomas DALuinG has accepted the presi- 
dency of the Congress at Cambridge, GEORGE 
GOULD is chairman of the Organizing Commit- 
tee, and JoHN Hammonp, F.R.S., is vice-chair- 
man. The honorary secretary and treasurer is 
JosEPH EDWARDS. 


The following are the main topies to be dis- 
cussed at the Congress: the physiology of pre- 
natal life, genital infection, nutrition in relation 
to reproduction, the effect of very low tempera- 
tures (deep freeze) on cells and tissues, and 
recent advances in A. I. techniques and the 
study of animal behavior. Full details of the 
Congress may be obtained from the Honorary 
Seeretary of the Organizing Committee, Milk 
Marketing Board, Thames Ditton, Surrey. 


At the conclusion of the Congress, members 
will have an opportunity of visiting the Royal 
Show at Neweastle-on-Tyne. The Organizing 
Committee has the honor to invite all interested 
authorities and organizations to participate in 
this Congress, and it extends a particular wel- 
come to scientists and technicians working in 
the field of animal reproduction. It would 
greatly assist the Organizing Committee if all 
those who are proposing to attend the Congress 
could inform the Secretary at the earliest 
opportunity. 


Minnesota News Items 


C. M. Crirron has joined the dairy hus- 
bandry staff as assistant professor. Dr. Clifton 
came to Minnesota from the Ohio State Univ. 
and is replacing N. D. BayLey, who is now with 
the U. S. Dept. of Agriculture at Beltsville, 
Md. 
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Another new assistant professor on the dairy 
husbandry staff is J. B. Wituiams, who came 
to Minnesota from the North Dakota Agrieul- 
tural College. 


A new position of dairy manufacturing ex- 
tension specialist has been filled by J. H. Guo.- 
son, formerly of the Dairy Husbandry Dept. of 
the Univ. of Missouri. 

P. J. Datuk has left the Univ. of Minnesota 
to assume his new duties in the animal geneties 
section of the Animal Science Dept. of the 
Univ. of Illinois. He will work in the physiology 
of reproduction and genetics. 


Kight students entering the Univ. of Minne- 
sota have been picked as winners of the dairy 
industry scholarships, which are being awarded 
on the basis of academie and professional apti- 
tude and character. Each scholarship amounts 
to $300 for the school year. 


Oklahoma Team First at Kansas State Fair 


Dairy cattle judging teams from Oklahoma, 
Iowa State, Missouri, South Dakota, Nebraska, 
Kansas, and Arkansas competed in the 3rd 
Intercollegiate Dairy Cattle Judging Contest 
held at the Kansas State Fair in Hutchison, 
Sept. 19. The high team trophy went to the 
Oklahoma A. & M. team, coached by P. C. 
MecGiuuiarp. High man in the contest was 
E. S. Howarp, Jr., of the Univ. of Missouri. 


News of Iowa State College 


Lon McGiuuiarp, former associate professor 
of dairy husbandry at Iowa State College, has 
joined the Dairy Dept. staff at Michigan State 
Univ. as associate professor. 

Lantis Rarcuirr, formerly assistant profes- 
sor in dairy husbandry at the Univ. of Arkan- 
sas, has joined the Dairy Husbandry staff at 
Iowa State College as research associate. 


ERLING BRANDSAETER, who received his Ph.D. 
in dairy bacteriology at Iowa State College in 
August, has returned to his position in the 
Dairy Dept. at the Agricultural College of 
Norway at Vollebekk. 


SoLomon B.LooM, who recently received his 
Ph.D. degree in dairy husbandry at Iowa State 
College, has aecepted a position as animal 
nutritionist in the Animal Husbandry Dept. at 
the Univ. of Puerto Rico, Rio Piedras, P. R. 


D. A. McKewnziz, head of the Agricultural 
Bacteriology Dept. at the North of Scotland 
Agricultural College, Aberdeen, is spending 2 
months as a visiting professor in the Dairy 
Industry Dept. at Iowa State College. He is 
the recipient of an Intern. Fellowship from the 


M. W. Kellogg Foundation. Before returning 
to Seotland in December, he will visit several 
other laboratories in the United States. 


T. W. Howuztncer, who received his M.S. 
degree in dairy bacteriology at Iowa State in 
December, 1954, has left the Univ. of Vermont 
to take a position with the New Jersey Dairy 
Laboratories, New Brunswick. 


On November 4 and 5 the Dairy Industry 
Club of Towa State College took a 2-day field 
trip by chartered bus to Minneapolis and St. 
Paul. Outstanding dairy processing plants in 
northern Towa and southern Minnesota were 
visited. About 60 students made the trip. 


Alumni and other friends of the late Dr. M. 
MorTENSEN, for many years head of the Dairy 
Industry Dept. at Iowa State College, have 
made available to freshman students in dairy 
industry several scholarships of $300 each, be- 
ginning with the fall quarter of 1956. Since 
the donors reside in all parts of the U. S. and 
other countries, the awarding of these scholar- 
ships will not be limited to residents of Iowa. 


Dairy Mergers 
The National Dairy Products Corp. has ae- 
quired Bedford Products, Inc., manufacturers 
of jams, jellies, and frozen fruit concentrates. 
The company does an annual business of over 
5 million dollars. 


The Borden Co. has taken over the F. H. 
Soldwedel Co., in Pekin, Ill. The company was 
started by the grandfather of the present presi- 
dent, Tim Soldwedel, 75 years ago. The Sold- 
wedel company is processor and distributor of 
market milk, condensed milk, and ice cream. 


The Fergus Cooperative Creamery (Fergus 
Falls, Minn.) and the Fergus Dairy Coopera- 
tive have merged. The joint operation will be 
under the supervision of L. M. Hysetu. 

Foremost Dairies, Ine., have acquired the 
assets and business of the Western Condensing 
Co. of Petaluma, Calif. The aequired company 
produces products used in the manufacture of 
feeds for poultry and livestock, drugs, and 
infant foods. It operates 37 plants and does 
an annual business of over 14 million dollars. 

The Fairmont Foods Co. of Parkersville, 
W. Va., has purchased the Beckley Ice Cream 
Co., of Beckley, W. Va. 


Scientific Papers Invited for International 
Dairy Congress 

United States scientific and technical workers 

in the field of dairy science have been invited 

to submit papers and to attend and take part 

in discussions of the various sectional meetings 
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of the Intern. Dairy Congress to be held in 
Rome, Italy, September 24-28, 1956. 

The Congress is under the direction of the 
Intern. Dairy Federation. The Italian National 
Committee, with approval of the Italian gov- 
ernment, is organizing the 1956 sessions. See- 
retary general of the Congress is G. Prrront, 
via Guidubaldo del Monte, 24 Rome, Italy. 

Arrangements for United States partcipation 
in the Congress are being handled by a com- 
mittee of specialists in the U. S. Dept. of Agri- 
culture, and technical papers should be sub- 
mitted through this committee. Chairman of 
the committee is R. E. Hopeson, chief of the 
Dairy Husbandry Research Branch of the Agri- 
cultural Research Service, Beltsville, Md. Other 
committee members are H. C. TRELOGAN, Agri- 
cultural Marketing Service; D. S. ANDERSON, 
Commodity Stabilization Service; J. E. Crosspy, 
Federal Extension Service; Donatp Hirscn, 
Farm Credit Administration; C. J. Bascock, 
Foreign Agricultural Service; and E. O. Warr- 
rreR, Agricultural Research Service. 

Dairy scientists desiring to propose papers 
for inclusion in the published proceedings of 
the Congress are requested to notify the U. S. 
committee chairman by Dee. 10, 1955, indicat- 
ing the title and subject matter. Early notifi- 
cation of proposed papers is essential so that 
the secretary general can be notified to include 
them on the official program. Length of papers 
is limited to 2,000 words. All manuscripts are 
to be submitted in finished form before Feb. 
25, 1956. 

Sections listed under the scientific program 
ot the Congress include: milk for liquid con- 
sumption; dairy products technical and eco- 
nomie problems; and legislation, control, and 
methods of analysis for dairy products. Con- 
ferences at the Congress also will be devoted 
to the position of the milk industry in the 
national economy; the provision in hot coun- 
tries of a sufficient supply of milk; and effee- 
tive and controlled use of surplus dairy prod- 
ucts. 

In addition to the formal program, a num- 
ber of official tours and exhibitions are being 
arranged for participating scientists following 
the Congress. 


Personal Notes 


R. N. Doerscu, associate professor of bac- 
teriology at the Univ. of Maryland, has been 
named a Fellow of the John Simon Guggen- 
heim Memorial Foundation for 1956. He will 
work on problems in rumen microbiology with 
Dr. A. E. Oxrorp of the Rowett Research Insti- 
tute, Bucksburn, Aberdeenshire, Seotland. 


Kk. L. Turk, head of the Dept. of Animal 
Husbandry at Cornell Univ., has returned from 
the Philippines, where he was stationed at the 
University. His assignment was under the For- 


eign Operations Admin. (now ICA). His work 
consisted essentially of helping organize and 
develop the experiment station. 

J. C. Wuire, professor of dairy industry, 
Cornell Univ., has recently returned from a 
sabbatical leave spent in Colorado. Dr. White 
made a study of milk production methods in 
the Rocky Mountain region under the sponsor- 
ship of the Colorado Milk Producers and the 
Federal Marketing Service. 


R. E. Warp has been named secretary-treas- 
urer of the Eastern Seetion of A.D.S.A. for 
the coming year. Other officers are G. W. 
TRIMBERGER, chairman, and H. L. WILpasIn, 
vice-chairman. 


I. I. Lirman, food chemist, has joined the 
staff of the Dept. of Dairy Industry on the 
Davis campus of the Univ. of California. Ap- 
pointed as junior research chemist, Litman 
will conduct experiments on oxidized flavors of 
milk. This continues and expands a program 
of study under the direction of W. L. DuNKLEY, 
associate professor of dairy industry. 

A graduate of the Univ. of Massachusetts in 
1949, Litman recently received a Ph.D. degree 
in food technology at the State College of 
Washington, Pullman. While studying for that 
degree he held a research assistantship for 
studies on powdered whole milk. 


Why Has Farm Income Slipped 
While Cities Prosper? 


Many farmers have asked, “Why has farm 
income gone down while the income of most 
other groups has gone up?” “This is an impor- 
tant question, and it deserves an honest an- 
swer,” says L. H. Simerz, Dept. of Agricul- 
tural Economies, Univ. of Illinois. As a first 
step in answering this question he presents 
three facts about farm and nonfarm incomes: 


1. In a general way the incomes of farmers 
and nonfarmers tend to rise and fall together. 
During severe depressions, such as the 1930's, 
both farmers and nonfarmers suffer. During 
wars and other inflationary times, farmers and 
most other groups enjoy increasing incomes. 
For example, from 1929, a year of general pros- 
perity, to 1932, a year of severe depression, 
farmers’ cash receipts dropped 58%, the in- 
comes of industrial workers dropped 56%, and 
corporate profits changed to losses. From 1940 
to 1952, cash farm receipts increased 300%, 
the income of industrial workers went up 270%, 
and profits went up about 300%. 

2. The second basic fact about the relation 
of farm income to the income of other groups 
is that during an inflation the net incomes of 
farmers go up much faster than the incomes 
of most other people. Then, later on, farmers 
lose their temporary advantage. 
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In 1940 gross farm ineome was 10.9 billion 
dollars and production expenses were 6.6. bil- 
lion, leaving an operators’ net income of 4.3 
billion dollars. By 1947, gross income was 34.0 
billion dollars, expenses 17.2 billion, and net 
income 16.8 billion. Thus, production expenses 
went up 163%, gross income climbed 212%, 
and net cash income ran up 290%. During this 
time the average annual income of the employed 
industrial worker went up only 97%. 

After 1947, wages in industry began to catch 
up with the procession of inflation. Rising 
wages and other costs increased marketing mar- 
gins, leaving a smaller and smaller share of 
the consumer’s dollar for the farmer. Then, 
too, rising wages increased the costs of ma- 
chinery, fuel, and other things that farmers 
require in operating their farms. And, finally, 
higher pay for industrial workers boosted farm 
living costs so that each dollar of the declining 
net farm income buys less than it did in the 
years before 1950. 

3. In the long run still another fact prevents 
farm income as a whole from advancing as fast 
as total nonfarm income. That is the trend 
toward industrialization. During the past 200 
years an ever-increasing proportion of our peo- 
ple have been working in industry and com- 
meree. At first their share of the national 


income was small. Now, as a larger share of 
workers are employed off farms, their share of 
the national income is increasing and the farm 
share is decreasing. 


Completed Theses 

M.S.A. degree: 

D. H. ButtocK—Chromatographie studies on 
the progress of Cheddar cheese ripening. 
Ontario Agricultural College, Guelph, On- 
tario. 


M.S. degree: 

F. G. Owen—Growth and hematological re- 
sponse of calves to antibiotic and arsenical 
supplementation. Iowa State College. 


Ph.D. degree: 

SoLtomon Bioom—Effects of various dietary 
hay-conecentrates ratios on nutrient utiliza- 
tion and production responses of dairy cows. 
Iowa State College. 

ERLING BRANDSAETER—Proteolysis by Lactoba- 
cillus casei. Iowa State College. 

H. H. VoretKer—Physiological responses of 
dairy calves to ingestion of various antibi- 
oties and surface-active agents. Iowa State 
College. 
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OUR ASSOCIATION 


Our Industry Relations—Within 
and Without 


Dear Fellow Members: 


As we analyze our Association and plan for 
its future course, the question arises: “Is our 
organization serving all of its members and 
all of the industry, or is it limiting its efforts 
too largely to the academie field?” 

Recently, some representatives of the com- 
mercial field have indicated that the philosophy 
and action of some of our own members and 
the lack of a positive approach on the part of 
our Association have contributed to the con- 
tinuance of the belief in some circles that the 
Association is designed almost entirely for 
members of the staffs of universities and col- 
leges. As examples, these men stressed the fol- 
lowing: (a) “Only one man from the commer- 
cial industry (our seeretary-treasurer, H. F. 
JupKINS) has served as president of the Asso- 
ciation;” (b) “far too few of those with com- 
mercial interests have been privileged to serve 
as directors;” (c) “the Association and See- 
tion committees are frequently disproportion- 
ately ‘loaded’ with men from the academic 
area;” (d) “in years past, the Journal has had 
too little of ‘understandable’ reading.” 

In their discussions, these men did not imply 
that the Association was not the important one 
for those of us in education and research. They 
think it is. The point they stressed was that 
the Association also is highly important and 
necessary for many others who are engaged in 
a wide variety of activities of a nonacademic 
nature, and these qualified persons should be 
encouraged to join and, as members, be re- 
quested personally to participate in the Asso- 
ciation’s activities. 

These points in issue have been raised in 
good faith by men who are industry leaders 
and who are sincerely and vitally interested in 
the welfare of our Association ard in seeking 
solutions to some of the vexing problems the 
organization faces. Their questions deserve 
attention. 


Answers to some of these questions are al- 
ready available. It is clear that there is no 
barrier nor any purposeful differentiation be- 
tween the academic and commercial members. 
Definite steps have been taken to tie in the 
men from industry with the Association’s pro- 


gram. In the Manufacturing Section, a man 
from the commercial field serves as section 


chairman on alternate years. More and more, 
the various committees are achieving a proper 
balance of academic and nonacademic members. 
Tremendous strides have been made in our 
Journal with the research papers being better 
prepared and with the feature articles and the 
abstracts having special industry-wide signifi- 
cance, 
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Whether or not a man from industry will 
serve in an important post often depends upon 
the time requirement. Usually an academic man 
operates on a more flexible program than a 
man from industry and has an administration 
which is sympathetic to staff participation in 
Association affairs. Many industry men decline 
invitations to important A.D.S.A. committees 
hbeeause of the time factor, and some companies 
frown on their men becoming too much in- 
volved in “nonbusiness” work. The heavy work 
load of the elected officers, especially during 
the period of the annual meeting, prevents 
many in the commercial field from accepting 
nominations for director or vice-president. 


Our Association is blessed with many tal- 
ented members from the commercial field, and 
their help is needed. Certainly, full oppor- 
tunity should be extended to all members to 
serve in whatever capacity their qualifications 
and available time will permit. Many times 
leaders from the commercial field who are mem- 
bers of our group can and will aid in an ad- 
visory capacity even though other responsi- 
bilities will not permit them to assume a “heavy 
duty” job. All that is needed is an invitation. 


The role of our Association is not always 
understood within the entire dairy industry. 
From statements made by nonmembers, it is 
apparent that our group is often considered as 
being “apart from” rather than “a part of” 
the industry. This is an unfortunate view and 
one which should be corrected. 


There needs to be full understanding be- 
tween the A.D.S.A. and the trade associations 
of the dairy industry. The educational and 
research aims of our group should be recognized 
as being as important to the welfare of the 
industry as the aims of the specialized trade 
organizations. Perhaps our Association has 
been at fault in not displaying more keen inter- 
est in industry affairs in general and in limit- 
ing attention too greatly to academic problems. 
Perhaps we have not told the full story of our 
work to those outside the Association. Perhaps 
this neglect by those of us in education “to sell 
our wares” has been the basis for the charges 
leveled in recent years that we are doing a poor 
job in training men for industry leadership. 


On the other hand, the commercial trade 
groups may have neglected to recognize our 
Association for what it is and what it can do 
in working cooperatively with them. Our Asso- 
ciation has not been invited to be officially rep- 
resented on industry-wide committees nor to 
have the opportunity for an interchange of 
views in respect to the major problems in 
which all of us are interested. Industry com- 
mittees have been established to study the mat- 
ter of university and college teaching—but the 
A.D.S.A., the leading educational association 
in the industry, is not officially represented on 
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these committees. I am sure this has been due 
to oversight rather than any wilful intent. 

An industry leader said recently, “If a law 
were passed to eliminate all but one dairy asso- 
ciation in our country, I would vote to retain 
A.D.S.A. because without education and _re- 
search our industry would die!” Whether we 
agree with this leader or not, we can take pride 
in the importance of our Association and the 
contributions its members are making. How- 
ever, we need to exert continued effort to ob- 
tain full understanding and cooperation with 
all other dairy groups if our Association is to 
be of still greater service in the years to come. 

Two committees are now at work in connec- 
tion with the Association’s industry-wide activi- 
ties. One is the Publie Relations Committee, of 
which BEN ZAKARIASEN, Minneapolis, is chair- 
man. This committee is concerned with the 
matter of better industry relations and Asso- 
ciation publicity. The second committee, a 
new one, is to devote attention to the prepara- 
tion of a manual on “Selecting, Training, and 
Developing Leaders for the Dairy Industry.” 
This is planned as a companion piece to the 
recently published “Guide for Secondary School 
Reeruitment Programs.” H. B. HENpERSON of 
Georgia heads this committee, and our secre- 
tary-treasurer, H. F. JupkINs, is contributing 
his experiences to this important document. 
Much good will come from the work of these 
committees. 

Of tremendous importance to 
tion and to all of the industry 


our Associa- 
is the study 
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made during the past year by H. B. HENDERSON 
of the Univ. of Georgia under the auspices of 
the College Relations Committee of the Milk 
Industry Foundation—a study to find out why 
our dairy enrollment in colleges and univer- 
sities is low and what can be done about it. 
The presentation of this report at the annual 
M.I.F. meeting was a highlight event, and con- 
gratulations are deserved by M.L.F., its College 
Relations Committee headed by Roserr E. 
CLEARY, and Professor Henderson. 

The follow-up of this study is now in the 
hands of the Education Subcommittee of D.1.C. 
(Dairy Industry Committee) with J. H. Erp 
of Columbus as chairman. A definite action is 
being planned and it is hoped that A.D.S.A. 
will be called on to assist in any program which 
may evolve. Last spring our Association 
through President Moore advised some 60 lead- 
ing dairy organizations of the need for ap- 
proved films for a secondary school reeruit- 
ment program for the dairy industry and ree- 
ommended that industry-wide action be under- 
taken in this regard. The D.I.C. educational 
sub-committee is expected to develop a plan 
which, when activated, will result in the produe- 
tion of these much needed films. 


Cordially, 


I. A. GouLp 
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Opportunities in Dairying for the Negro Farmers 
of North Carolina’ 
Through the application of scientific principles much progress 


has been made by those who have shifted from 
share cropping to dairy farming 


W. L. Kennepy 


Dairy Husbandry Section 
The Agricultural and Technical College of North Carolina, Greensboro 


The Negro dairymen in North Carolina, 
chiefly part-time operators, are making slow 
but steady gains in the state’s stepped-up pro- 
gram in milk production. This is borne out by 
the results of a study recently completed by 
the Department of Dairy Husbandry at the 
Agricultural and Technical College of North 
Carolina, the Land Grant college for Negroes 
in this state. Located on the campus of this 
college are the headquarters of the Negro per- 
sonnel of the state Agricultural Extension Serv- 
ice and the staff of the Vocational Agricultural 
Division. Through these agencies the college 
is in contact with the farmers and the high 
school students of the state. 

There are over 2,900 students registered in 
the School of Agriculture, School of Education 
and Science, School of Engineering. School of 
Nursing, Graduate School, and the Technical 
Institute. Of this number, 498 are enrolled in 
Agriculture. The curricula in the Department 
of Animal Industry are designed to meet the 
diverse interests of students by offering a 
choice of several options of study in which the 
students may specialize. Those wishing to 
major in animal industry may specialize in 
either animal husbandry, dairy husbandry, 
dairy manufacturing, or poultry husbandry. 

The specialized options are particularly well 
suited to prepare the students to be operators 
of farms where livestock is handled, for spe- 
cialized types of dairy and poultry farming, 
and as instructors and investigators in animal 
science. The 2-year curriculum offered in ani- 
mal industry is designed to prepare students to 
be livestock farm operators, herdsmen, helpers 
in meat processing plants, and salesmen for 
feed and livestock supplies. It is intended to 


1This article was written at the request of the 
editor to show what is being done by the Land 
Grant colleges for Negroes to advance the cause of 
dairy farming in the South. 
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Fie. 1. The A. & T. college dairy processing 
plant completed in 1954. The building also houses 
dairy lecture rooms and laboratories. Students are 
— for both dairy farming and dairy plant 
work. 


train personnel for formal and informal in- 
struction; to aid improvement in production, 
breeding, and management. 

For a number of years the college has main- 
tained a purebred Jersey herd of 60 to 100 
animals. Recently the number of Jerseys was 
reduced and several purebred Holsteins were 
added. Before the practice of artificial insemi- 
nation became widespread, the college furnished 
a large number of purebred bulls to the farm- 
ers of the state. Heifers are furnished now 
when available. 

Through the extension service, the college is 
able to contact the producing farmers. Each 
year in February a 3-day short course is held. 
During 1954 some 34 junior dairy shows were 
held, and nearly 1,000 animals were exhibited. 
In many of these shows a representative from 
the college acted as judge. In 1954, 2,191 
farmers were using artificial breeding and 1,691 
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Fig. 2. 


Jersey heifers in A. & T. college herd. 


“test tube” calves were produced. Faculty and 
staff members at the college assist with these 
programs. 


Study of Farmers’ Gains 


A survey was conducted by the use of a ques- 
tionnaire, prepared by two members of the 
Department of Edueation with assistance from 
the Extension Negro Dairy Specialist and the 
members of the Dairy Section. The informa- 
tion was obtained by the supervisor or a repre- 
sentative of the college Dairy Section, and the 
Negro county agent was present when the 
farmer was contacted. Since most of the Negro 
dairymen have entered business during the last 
15 years, the questionnaire obtained informa- 
tion primarily for that period. 

Conservatism, as indicated by failure to use 
available credit, has been the chief reason for 
the Negro dairyman’s slow progress, but the 
gains which have been made are established on 
a firm economic basis and scientific practices. 
The North Carolina farmer is no longer a 
strictly “row-crop” producer. The trend has 
been toward increased livestock production, 
with a marked emphasis on dairying, and the 
Negro has, largely, followed these changing 
practices. 

North Carolina’s four million people are 
divided almost equally among the urban, rural 
nonfarm, and rural farm areas. The state has 
some 31.5 million acres and over 19 million are 
in farms, almost eight million being in crops, 
corn, pasture, smail grain, and cotton. Together 
they oceupy over half of the cropland but do 
not account for as much value as tobaceo, which 
is produced on only 8% of the land. 


Growth in Dairying 


In 1930 the state had 279,522 milch cows and 
calves but by the 1950 census there were 391,819, 
an inerease of 41%. There has been a marked 
inerease in the number of dairy cattle since 
1950 also. When inereased dairy production 
was being advocated, a ready market was avail- 
able because a large amount of milk was being 
brought from out of the state. The grade A 
milk being produced is now nearly meeting the 
local requirements; however, there is still a 
very large market for manufactured products. 
Many dairymen now selling manufactured milk 
could move into the grade A market when it 
becomes available. 

The Negro dairyman 


made splendid 


has 
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progress in the dairy industry in North Caro- 
lina during the past 20 years. As of March 1, 
1955, 753 Negro farmers were engaged in 
dairying. Fifty-three of them are grade A 
milk producers. The results of the survey show 
the average Negro dairyman to be 48, married, 
and living in one of the 16 counties represent- 
ing the three major farming areas of North 
Carolina. 

Before going into the marketing of milk, 
40% of the Negro dairy farmers participated in 
dairy cattle shows and another 5% took dairy 
short courses. They averaged 25 years experi- 
ence as farm operators, the range being from 3 
to 49 years. Only 5% of these farmers had 9 
vears of experience as dairy farm operators. 
Most of the farmers owned their farms, only 
10% being tenants. Some owners rented addi- 
tional land. 


Use of Utilities and Agencies 


All of the Negro dairy farmers had modern 
means of transportation. Half of them used 
cars and trucks. The sanitary conveniences on 
these farms increased significantly during the 
period 1945-54. Before 1945, only about 5% 
had such conveniences, but in 1954, 90% of the 
farms had modern equipment in both houses. 
and barns. 

Prior to 1945, 30% had electricity in dwell- 
ings only and 10% in both dwelling and barn. 
In 1954, 95% had electricity in dwellings and 
barns and only 5% had electricity in dwellings 
alone. 

All these farmers had some means of com- 
munication: 40% had radios only, 30% had 
radios and telephone, 12% had radio and tele- 
vision, and 18% had radio, television, and tele- 
phone. Sixty-five per cent of them spent 15 
minutes or more daily looking at or listening 
to farm programs. 

These farmers belonged to various organiza- 
tions, the Farm Bureau predominating, but 
practically none of them belonged to a national 
organization. All made use of extension serv- 
ices and vocational agricultural agencies. 

There was a decided lack of use of credit 
agencies. It requires a tremendous amount of 
capital for farmers to adjust from small to 
economical sized herds. Most farmers cannot 
make these adjustments without some borrowed 
capital. Some idea of the amount of capital 
needed may be seen from the facet that it re- 
quires approximately $16,000 to establish a 
20-cow dairy, even if the land is available. 
Some lack of qualification may have been the 
reason these farmers did not use the credit 
agencies available. A little over 5% used the 
commercial banks and the same number used 
the Production Credit Administration. 


The Farm Operation 
The average number of dairy cows on these 
farms was 17. The animals were predominately 
grade. Five per cent of the farmers kept 
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bulls. Most of these bulls (60%) came from 
private herds with the others (40%) being bull 
calves dropped as a result of artificial service. 

Before 1945 these farmers on the average 
kept two to three work animals, nine hogs, less 
than one beef animal, and 200 chickens. Today 
there is a decrease in the number of work 
animals and poultry but no definite change in 
swine and beef animals. 

On these farms the cost of production seemed 
to be in line with regular costs. The feed and 
labor amounted to 50.9% of the total cost. 
Interest, taxes, and insurance amounted to 9% 
of the total. The feed and labor costs reflect 
the influence of improved practices in breeding 
and management. The gross receipts averaged 
$6,642.90, with a range of $2,000 to $14,450; 
10% amounted to $12,000 or more. The average 
cost of production was $4,696.83. This included 
feed, labor, interest, taxes, insurance, deprecia- 
tion, breeding service, fertilizer, seed, and trans- 
portation. Two-thirds of the gross receipts 
were spent in production, leaving one-third, or 
$1,944.07, as “take home” pay. Through greater 
use of credit resources to expand operations the 
amount of take home pay could be increased. 

The average acreage in cropland, grazing 
hay, and silage has shown definite increase. 
Before 1945 the average cropland was 49.6 
acres, whereas in 1954 it was 90.5 acres. The 
number of acres of alfalfa averaged 5.7 in 1945 
and 9.5 in 1954. For grazing there was an 
average of 1.4 acres of permanent pasture in 
1945 and 16.7 acres in 1954. The temporary 
pastures increased from 13 acres to 20.1 acres 
during that period. The most significant change 
is the acreage utilized for silage. There was 
no provision for silage before 1949, but in 1954 
there was an average of 13.8 acres of corn 
planted for this purpose. The improvement in 
methods of storing silage is also significant. 
Before 1949 there were no facilities for storage, 
but in 1954, 30% of the farmers had erected 
upright silos and 35% had constructed pit silos. 

The methods of grazing have shown consid- 
erable change during the period under study. 
Two methods are control grazing and rotational 
grazing. In control grazing the cattle go to 
pasture when the forage is 6-8 in. high and are 
removed before the pasture is over-grazed. All 
livestock is kept off during the winter and at 
times when the ground is so soft that the pas- 
ture might be injured by tramping. In rota- 
tional grazing the pasture is divided into two 
or more fields, which are grazed in rotation. 
Only 5% of the dairymen practiced rotational 
grazing before 1945, 20% before 1949, and 24% 
in 1954. Control grazing was practiced by 10% 
before 1945, 20% before 1949, and 31% in 1954. 


Case Histories of Two Successful 
Negro Dairy Farmers 
Joun D. Ropinson, Monroe, N. C., owns a 
75-aere farm that is slightly rolling and chiefly 
clay. He went into the dairy business to in- 
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crease the farm income. He started marketing 
grade C milk in 1942 and grade A in 1952. 

Robinson has 30 acres devoted to pasture— 
chiefly ladino clover and orchard grass—15 
acres in corn and milo maize, 5 acres in alfalfa, - 
10 acres each in oats and lespedeza, and 7 acres 
of wheat. His rotation consists of raising row 
crops (cotton, corn and milo) 1 year and small 
grain with lespedeza the next year. He plans 
to increase the fertility of his soil by a rotation 
use of manure and commercial fertilizer. He 
has had a program of terracing for a number of 
years and has made use of legumes in the 
rotation. 


The John D. Robinson herd is main- 
tained under better than average conditions. Not 
only does the farm have ample grazing, but the 
Robinsons have just recently completed a_ well 
planned lake to provide adequate water for the 
herd at all times. 


Fig. 3. 


He has 10 milch cows that average a little 
more than 5,000 lb. of milk a year. They are 
chiefly grade Guernseys. His best cow pro- 
duced about 4,000 1b. of milk during a recent 
6-month period. Mr. Robinson is making plans 
to cull the lower producers and to obtain better 
animals. He is using artificial insemination and 
intends to build up his herd by saving the 
heifer calves of the higher producing cows. He 
plans at the same time to increase his pasture 
and feed program to accommodate the addi- 
tional cows. 

The cows are ted according to production 
yield and breed. A grain mixture plus hay and 
silage is used, and 3 to + hours of grazing each 
day are permitted. The animals are tested an- 
nually for tuberculosis and Bangs’ disease. So 
far, all tests have been negative. The cows are 
milked by machine, and the milk is cooled in 
cans by wet refrigeration. The milk is picked 
up on alternating days and is sold to a dairy in 
Charlotte, N. C. The income from the sale of 
milk was more than $3,600 last year. 

Mr. Robinson plans to go into dairying ex- 
clusively. His main souree of income before 
going into dairying was cotton. He averaged 
10 aeres of cotton and sold about 13 bales each 
year. He is now cultivating only 5 acres. Rob- 
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inson stated, “Dairying has enabled me to do 
many things I would not have been able to do 
otherwise. My living standard is higher as a 
direct result of the dairy enterprise.” His ad- 
vice to young dairy farmers is: “Start with 
fewer and better animals and adequate feed 
and pasture to accommodate the cows. The 
feed or availability of feed and pasture would 
be first and then the cows. When [I started, it 
was the other way around, [ didn’t have enough 
feed for the cows I was milking.” 

Mr. Robinson’s youngest son, now in the 
army, is looking forward to taking over the 
dairy business when his father retires. 


James B. Burns, Indian Trail, N. C., owns 
a 60-acre farm of rolling clay soil and rents an 
additional 25 acres. He started his enterprise 
because he liked dairy animals and also wished 
to increase his income. He started marketing 
grade C milk in 1945 and changed to grade A 
late in 1953. 

He has 20 acres in pasture, 16 acres in oats, 
11 acres in corn, 2 acres in alfalfa, and 16 acres 
in lespedeza. The average crop production per 
acre has been one bale of cotton, 80 bu. of corn, 
and 70 bu. of oats. He plans to maintain the 
fertility of the soil with manure and by using 
legumes and commercial fertilizer. Burns has 
participated in the soil conservation program 
for a number of years. He uses terracing, has 
one pond, and is beginning the construction of 
another. 

This farmer has 11 cows, chiefly grade Hol- 
steins, that averaged 8,500 lb. of milk in 1954. 
In addition, he has tive heifers. His best cow 
produced 14,900 lb. of milk in 1954. He does 
not plan on a large increase in the size of his 
herd but hopes to increase production by better 
management and by acquiring better animals. 
He is using artificial insemination in his breed- 
ing program. 

Mr. Burns feeds all the silage the cows will 
eat. In addition, he feeds hay and grain ac- 
cording to production and breed. During the 
pasture season the animals have at least 4+ hours 
of grazing per day. The herd is tested annually 
for tubereulosis and Bangs’ disease. His herd 
is accredited. 

The cows are milked by machine and the milk 
is cooled in cans. It is picked up on alternate 
days and is sold to a dairy in Charlotte, N. C. 
His milk cheeks amounted to $3,700 in 1954. 

Mr. Burns’ main income before entering 
dairying came from cotton and corn. Both are 
still being raised, but all of the corn and the 
cottonseed are used for feed. Within the next 
2 or 3 years he plans to add swine or poultry 
to the farm enterprise and eliminate cotton 
entirely. 

He says, “Dairying has more than doubled 
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Fic. 4. James B. Burns, an A grade producer, 
has a herd of 11 milkers. He is rapidly building 
his herd by buying young heifers and through care- 
ful selection of his own stock. He grows some 
cotton, but expects to abandon the crop within the 
next 3 years to practice dairying exclusively. 


our income. We are enjoying a higher level of 
living. The cows are making it possible for 
me to send two girls to college.” He wisely 
commented, “Cotton will put you in college but 
it will not keep you there.” He had reference 
to the once-a-year income from this crop. He 
receives a milk check every 2 weeks. 

Mr. Burns, who is 37 years old, has a wife, 
five daughters, and two sons. One of his daugh- 
ters, now in college, won first prize with her 
heifer for five consecutive years at the county 
level. She shewed the grand champion in the 
4-H Junior Dairy Cattle Show in 1947. Al- 
though the boys are too young to make definite 
decisions, Burns hopes that one of them will 
take over the farm when he retires. 

These short histories of the farm enterprises 
of Mr. Robinson and Mr. Burns not only illus- 
trate what the Negro dairyman is contributing 
to the industry of North Carolina but also show 
what the dairy industry can do for the Negro 
farmers who use modern methods of feeding, 
breeding, and management. As has been dem- 
onstrated many times in many sections of the 
country, “prosperity follows the dairy cow.” 
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How to Control Shrinkage in Ice Cream 


T. A. NICKERSON AND N. P. TarassukK 
Department of Dairy Industry, University of California, Davis 


Shrinkage is the term generally applied to 
contraction in volume of packaged ice cream, 
a defect caused by loss of overrun air. Nor- 
mally ice cream shrinks from every direction, 
pulling away from the sides of the container as 
well as from the top. This means that the 
phenomenon is more than a collapse of the 
structure and a settling of the ice cream con- 
stituents under the action of gravity. 

It has been shown that the air in ice cream 
is in a discontinuous phase, and that the air 
cells are irregular bubbles surrounded by semi- 
solid films. Contraction of the ice cream strue- 
ture should tend to compress the air and thus 
set up a foree that would oppose shrinkage. 
If the air cell lamellae were fractured, the air 
would escape, no opposing foree would be set 
up, and the contraction would proceed. The 
fundamental nature of this contractive force 
still remains obscure. 

As experienced in the industry, the defect 
tends to be seasonal in nature, usually oceur- 
ring in the late fall and winter. It is not un- 
common for the entire production of a plant 
to be affected for a period of time. Then the 
defect disappears practically overnight, often 
with no indication as to the cause or remedy. 

It has been shown that there are a great 
many factors involved in the shrinkage prob- 
lem. Most of these should be classified as con- 


Fic. 1. Shrinkage in packaged ice cream. 


tributory factors rather than an actual cause, 
for they do not always lead to shrinkage. But 
if the ice cream is susceptible, then these factors 
intensify the defect. 


Factors Definitely Contributing 
to Shrinkage 
Ingredients. Both commercial and research 


workers have shown that the incidence of 
shrinkage is inereased as the percentage of 


solids not fat is increased, which obviously 
inereases the protein content of the ice cream. 
Present knowledge indicates that milk proteins 
play a fundamental role in determining the 
strength or weakness of the ice cream structure. 
The proteins may be responsible for the basic 
contractive foree causing shrinkage, which is 
possibly a phenomenon similar to syneresis of 
gels. 

Milk fat is another ingredient that promotes 
shrinkage, the incidence of the defect increas- 
ing as the percentage of the ingredient is in- 
creased. High fat mixes are more likely to 
cause trouble than are low fat mixes. 

Sweetening agents do not have as marked an 
influence as do fat and solids not fat. With 
sugar, type and quantity play an important 
part in determining the freezing point of a mix, 
which relates to the firmness of the ice cream 
at any particular temperature. If sweetening 
agents are used in excess, the ice cream will 
not be sufficiently firm to resist shrinkage. 

Ingredients such as stabilizers, emulsifiers, 
and egg yolk seem to play only a minor role, 
again contributory, and are not considered to 
be responsible for the spontaneous shrinkage 
encountered in the industry. Such ingredients 
are used to promote smooth texture, which, 
incidentally, reduces resistance to shrinkage. 

Processing. The stability of the mix with 
respect to shrinkage also varies with pasteuriza- 
tion temperature. As pasteurization is increased 
above minimum requirements, shrinkage also 
is increased, reaching a maximum around 160°- 
170° F. Above this zone, shrinkage decreases 
with increased temperature. Superheating pro- 
duces a cooked flavor but seems to add stability 
to the ice cream structure. 

There is little indication that the homogeniza- 
tion pressures used in processing ice cream 
mix play any significant part in determining 
the susceptibility of a mix to shrinkage. Some 
relationship has been observed but seems in- 
significant. 

All investigators agree on the importance of 
the conditions under which ice cream is frozen, 
hardened, and stored, for they have a marked 
influence on the structure of ice cream. A 
fine, crystalline strueture or an increased flu- 
idity within the ice cream reduces viscosity 
and, apparently, resistance to the contractive 
force causing shrinkage. Processing procedures 
used to produce a smooth texture—such as 
using continuous freezers, low drawing tem- 
peratures, and quick hardening—therefore re- 
duce resistance to the shrinkage foree. High 
storage temperatures reduce viscosity in like 
manner and may lower internal resistance 
markedly. In addition, it has been shown that 
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high storage temperatures greatly reduce the 
structural strength of the air cell lamellae. 
The cell walls can then be fractured more 
easily, accelerating shrinkage. 

The strength of the air cell lamellae is also 
affected by the amount of overrun. As air is 
incorporated, the amount of ice cream mix per 
unit volume is reduced and the area of air 
surface stabilized by the mix is inereased. As 
overrun is inereased, particularly above 90%, 
the air cell lamellae are weakened, with in- 
creased liability to shrinkage. 

Untreated paper containers can contribute to 
shrinkage. Various coatings or linings will 
minimize the container’s contribution to the 
defect by restricting the movement of moisture 
and air. 

It has been known for some time that ice 
cream held at normal cabinet temperatures will 
generally develop shrinkage if it was_ first 
stored with dry ice. There is a difference of 
opinion on the exact mechanism, but all agree 
that either the exceedingly low temperatures or 
the CO: atmosphere destabilizes the ice cream 
structure to the extent that severe shrinkage 
results. 

Chemical Factors. The roles of acidity and 
salt balance in protein stability have been in- 
vestigated as being variables possibly involved 
in shrinkage. The available data are incon- 
sistent and ccntradictory. In some eases shrink- 
age can be correlated to the instability of the 
proteins, but control of shrinkage susceptibility 
by adjustment of acidity or salt balance seems 
uncertain at best and cannot be relied upon as 
a control measure. 

The milk used will vary considerably in the 
properties that affect structural strength. It 
has been shown that variations in the source 
of the serum-solids concentrate affect the ten- 
deney of ice cream to shrink. Even the milk of 
individual cows has been found to vary mark- 
edly in its shrinking tendency, apparently be- 
cause of variations in its proteinaceous con- 
stituents. 

Experimental evidence definitely indicates 
that the use of rancid milk or the development 
of hydrolytic rancidity in the mix will cause 
an increase in shrinkage. This is explained by 
the marked lowering of the surface tension 
when rancidity takes place. Materials that re- 
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duce surface tension appreciably are likely to 
increase shrinkage substantially. Rancidity is 
becoming more of a problem again, and its 
incidence in the milk supply is on the increase. 

One of the most significant results of inves- 
tigations of shrinkage is the discovery that the 
state of the whey proteins plays a major role. 
Studies have shown that shrinkage is favored 
by the denaturation by heat or proteolysis of 
the albumin-globulin fraction. It appears that 
if the globulin fraction is present in an unde- 
natured state, it actually stabilizes the ice 
cream, lessening shrinkage. 

Another very important finding is that the 
slightest amount of proteolysis can produce 
spontaneous shrinkage. This means that sus- 
ceptibility to shrinkage is very likely to increase 
as mix is stored over a period of time. The 
products of bacterial growth, even at low tem- 
peratures, are capable of altering the proteins 
sufficiently that they become exceedingly un- 
stable, which results in severe shrinkage. Fur- 
thermore, the addition of products in which 
protein hydrolysis has taken place will appre- 
ciably add to ice cream shrinkage and should 
be avoided, 

It is known that the milk proteins are a basic 
and major factor contributing to the strength 
or weakness of the ice cream structure. These 
proteins are in the dynamic state, changing 
with time. Consequently they should be used 
in fresh condition and should be protected from 
denaturation or proteolysis. From a_ practical 
point of view our other means of combating 
shrinkage is to govern the contributing factors 
so that a more rigid type of structure is pro- 
duced, which will resist the contracting force. 
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742. Industrial Detergency. Edited by Wm. 
W. Niven, Jr. Reinhold Publishing Corpora- 
tion. 1955. 

“Cleaning” or “deterging” is the one most 
universal of all the activities of industrial enter- 
prises. It may be the major basis for the 
industry (laundering, dry cleaning); an inher- 
ent part of the actual chemical or physical 
process by which the finished product is made 
(textile processing, grain milling, metal plat- 
ing, foods canning); as a means of safeguard- 
ing the quality of the finished product (dairy- 
ing, foods and beverages processing, restau- 
rant), applied either to the finished product or 
to equipment in which the product is processed ; 
as a means of generally upgrading the efficiency 
of the operation (plant maintenance, industrial 
housekeeping), practiced for cost reduction, 
safety, or esthetic advantages. This book con- 
tains several chapters of special interest to all 
branches of the dairy industry. Chap. 2. The 
Fundamentals of Detergency; Chap. 3, Deter- 
gent Materials; Chap. 7, Foods and Beverages; 
Chap. 8, The Dairy Industry; Chap. 11, Gen- 
eral Industrial Cleaning. Chapter 8 is written 
by John R. Perry, National Dairy Products 
Company, Ine., who has been one of the fore- 
most promoters of efficient cleaning and sani- 
tizing practices for dairy plants and has de- 
signed special devices and equipment to insure 
cleaning efficiency. L. M. Dorsey 


743. Basic Lubrication Practice. <A. F. 
Brewer. Reinhold Publishing Corporation. 
1955. 

In the operation of industrial machinery 
there is a definite relationship between lubrica- 
tion and maintenance. Each is a form of in- 
surance to management that production will be 
dependable, in other words, that machinery will 
keep operating. In recent years a wealth of 
lubrication information has been developed in 
the research laboratories of the petroleum in- 
dustry and those of machinery manufacturers, 
much of it of highly technical character. The 
object of this book is to translate such informa- 
tion for practical application by the plant lu- 
brication engineer or maintenance superinten- 
dent. Their primary concern involves (1) the 
operating conditions, (2) the basie mechan- 
isms, and (3) the means provided for lubrica- 
tion. In 24 chapters this information is pro- 
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vided in easily understood language amply il- 
lustrated with drawings, diagrams, photo- 
graphic reproductions, and tables. The various 
types of machinery requiring efficient lubrica- 
tion practices, many of them in use in milk 
products processing and manufacture are ade- 
quately treated. L. M. Dorsey 


BUTTER 


744. Consumer purchases of butter and oleo- 
margarine. J. D. SHarrer and G. G. QUACKEN- 
BUSH, Mich. Agr. Expt. Sta., East Lansing. 
Tech. Bull. 248. 1955. 

During the years 1942 to 1952, per capita 
consumption of butter declined 44.6%, while 
oleomargarine consumption increased 185%. 
Analysis of two years of weekly data for Lan- 
sing indicated that butter consumption was 
declining about 5% annually and oleomargarine 
was increasing the same amount. In surveys 
taken during the summers of 1949 and 1954, 
80% of those not using butter in 1949 said it 
was because the product was too expensive. 
In 1954, this reason was given by only 59% 
of the nonbutter consumers. The most impor- 
tant reason given for not using oleomargarine 
was a preference tor the taste of butter. In 
1949, 77% reported using butter on the table, 
compared to 67% in 1954. Based upon data 
for the entire year of 1952, 10% of those inter- 
viewed used only butter, 13% only oleomar- 
garine, and 77% purchased both. Large con- 
sumers of butter used less oleomargarine, but 
approximately the same amount of lard and 
vegetable shortening as the ave. Large oleo- 
margarine users appear to use slightly less 
vegetable shortening and lard. During the 
period July 1, 1951 through June 30, 1953, the 
annual per capita expenditure for oleomargar- 
ine and butter was $9.52, of which $7.09 went 
for butter. R. W. Hunt 


745. Effect of variations in the manufactur- 
ing process on body and texture of butter with 
special emphasis on spreadability. L. C. Tuom- 
SEN, Dept. of Dairy and Food Ind., Univ. of 
Wis., Madison. Milk Prod. J., 46, 10: 21. 
1955. 

The author stresses the need for butter manu- 
facturers to place more emphasis on its spread- 
ability characteristics. After a brief discussion 
of the term “spree dability,” the author lists 
numerous devices that have been used for meas- 
uring the spreadability of butter. 
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The spreadability apparatus, constructed and 
used at the Univ. of Wis., consists of a constant 
speed motor, mounted so that it pulls a carriage 
over a box containing the butter sample. The 
carriage holds a_ specially constructed knife 
which in its movement attempts to duplicate 
the action required to spread butter on bread. 
The resistance offered to the knife by the butter 
is registered on a semicircular dial which is 
part of a moving torque meter. The lower the 
pull or resistance, the better is the spreadability 
of the butter sample. Butter samples should be 
tempered for a period of 48 hours at a constant 
temperature (55.5° F.). 

Results of this measuring device have been 
checked against more than 400 pairs of butter 
samples submitted to consumers who rated 
samples oniy according to their ease of spread- 
ing. Statistical analysis of the results indicated 
a highly significant correlation between the 
machine and the consumers. In terms of sensi- 
tivity the machine was from 10 to 20 times more 
aceurate than the average consumer. 

The major problems involved in the improve- 
ment of spreadability of butter are briefly dis- 
cussed, J.J. Janzen 


746. Spreadability of butter. S. T. CouLrsr, 
Univ. of Minn., St. Paul. Milk Prod. J., 46, 
10: 17. 1955. 

The author stresses the importance of manu- 
facturing a butter with reasonable spreadability 
even at refrigerator temperatures. The manu- 
facture of a butter which is smooth and waxy 
in body and reasonably spreadable can be made 
throughout the season by proper manipulation 
of manufacturing procedures. 

Such manipulations include adjustment of 
the rate and extent of cooling of the cream, 
adjustment of the rate at which the butter is 
chilled, and avoiding unnecessary and excessive 
fluctuation in the temperature of the butter. 

The need for an adequate objective measure- 
ment of the spreadability of butter, and in- 
creased interest, on the part of management, in 
the body characteristics of the butter produced, 
are stressed. J. J. Janzen 
747. Sliced butter for consumers. ANon. 
Milk Prod. J., 46, 10: 14. 1955. 

Butter patties, formerly available only to 
hotel, restaurant, and commercial channels, are 
now available to consumers. 

Hotel Bar Foods, Ine., of New York City, 
began marketing this product in March, 1955. 
Nach %4 |b. of butter is sliced into 16 equal 
portions. They come apart with a gentle twist. 
No additional charge has been made for this 
sliced feature. 

The equipment for slicing the 4% lb. prints 
fits standard forming and wrapping machinery. 
The slicer fits between the extruder-former and 
wrapping sections of a  print-forming and 
wrapping machine. The slicing machine has 
three stages which: (1) receives butter from 
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the extruder; (2) holds it under the guillotine 
while it is being sliced; and (3) transfers it to 
the wrapping unit. The machine can process 
8,800 14-lb. packages an hour. Similar units 
have been installed at two other food compa- 
nies. J. J. Janzen 


748. Spotted color in butter. R. M. Do.sy. 
New Zealand J. of Sei. and Technol., A, 36, 6: 
527. 1955. 

The defect is characterized by the presence of 
numerous dark-yellow spots seldom exceeding 
2 or 3 mm. in diameter; the butter between the 
spots is usually uniform in color. It is caused 
by the presence of undissolved salt erystals and 
can appear in well worked butter. 

The quantity of water in the butter available 
for dissolving the salt was found to be the most 
important factor. Water enclosed as fine drop- 
lets within the granules (‘“internal” water) is 
not available. Some two-thirds of the usual 
total of 15% water is “internal” water. Factors 
that increase the amount of “internal” water 
and hence increase the tendeney toward spotted 
color include Vacreator treatment of cream, 
dilution of cream, slow cooling of cream, high 
churning temperature, and churning to large 
granules. Salt milled to 100-200 mesh could be 
used safely under conditions where salt of 
normal particle size caused the defect. 

W. K. Jordan 


CHEESE 


749. Improving the flavor of cottage cheese 
by the addition of citric acid to the milk. J. A. 
NeuLson and J. L. Brence, Mont. Agr. Expt. 
Sta., Bozeman. Bull. 488. 1953. 

Of a total of 116 vats of cottage cheese, 80 
were made by “short time” method and 36 by 
a “long time” method. In some trials, citrie 
acid was added to the culture, and in others it 
was added to the milk before inoculation. Vola- 
tile acidity was determined by steam distilla- 
tion, and flavor of the cheese and cultures was 
determined organoleptically. An addition of 
0.008 to 0.005% citrie acid to the cheese milk 
before inoculation increased the volatile acidity 
sufficiently to result in an improvement of 
flavor in the cheese. The volatile acidity of 
“long time” cheese was generally higher and, 
consequently, the cheese was considered to have 
a greater intensity of flavor than “short time” 
cheese. A volatile acidity of 10 ml. of 0.1 NaOH 
per liter of distillate had to be reached before 
there was a noticeable improvement in flavor. 


R. W. Hunt 


750. Flexible wax compared with paraffin as 
coating for cheese. F. Corrrey, Kraft Foods 
Co., Glenview, lll, and C. Swerr, National 
Wax Co., Chicago, Ill. Milk Prod. J., 46, 9: 
14. 1955. 

An effective wax coating should allow the 
proper curing of the cheese, prevent the cheese 
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from drying out, withstand the shock of han- 
dling during shipping, and protect the surface 
from mold and cheese mite infestation. <A 
series of tests was conducted to determine 
whether flexible wax or paraffin wax fulfilled 
these requirements. 

Best results were obtained by using two dips 
of flexible wax on properly dried cheese surface 
at 250° F. A clean dry surface was essential. 
Cheese contaminated by milkstone or slime from 
shelves and then held at high humidity and 
temperature had a tendency to become slippery 
or “rind rot” after coating with flexible wax. 
This condition was less pronounced with parat- 
fin wax probably because some drying occurred 
through the paraffin wax. The mold growth on 
properly dried cheese surfaces coated with 
flexible wax wes much lower than on paraffined 
cheese. Two dips afforded better protection and 
greatly reduced moisture loss in the cheese. 
Excessive waxing temperature (290° F.) may 
be detrimental. The tendency to crack and 
break away from the cheese was decidedly less 
in flexible wax coating than in paraffined cheese. 
This property of flexible wax provided more 
protection for the product during transit and 
also reduced the probability of mite infestation. 

J. J. Janzen 


751. Automatic cheesemaker cuts labor and 
cost. Anon. Milk Prod. J. 46, 9: 13. 1952. 

Automatic cheesemakers are used extensively 
in Germany. The first of its kind in the U. 8. 
has recently been installed in a factory near 
Mayville, Wisconsin. 

The machine consists in part of a vat that 
will hold 11,000 Ib. of milk. Labor is cut in half 
compared to old methods. As a result, cost of 
making cheese was reduced about 20% at this 
factory. A 1,000 lb. of curds can be emptied 
out of the machine vat in 11 min. with the aid 
of a partial vacuum feature. 

At present about 20% of this plant’s produc- 
tion is made with the “Kaesefertiger,” as the 
machine is called. Port Salut, Gouda, Colored 
Brick, May Cheese, Venetian Cheese, and Ley- 
den have been produced by use of this equip- 
ment. J. J. Janzen 


752. Cheese you can freeze. H. A. Morris 
and W. B. Comss, Univ. of Minn., St. Paul. 
Milk Products J., 46, 10: 12. 1955. 

The following cheese can be frozen and stored 
for at least six months: Cheddar, Brick, Port 
du Salut, Swiss, Provoloni, Mozzarella, Lieder- 
kranz, Camembert, Parmesan, and Romano. 
Cream cheese becomes watery and mealy after 
freezing, thus cannot be frozen satisfactorily. 

To prepare cheese for freezing, cut all pieces 
of cheese larger than 1 lb. into pound or 14-lb. 
pieces. Cut cheese should be tight!y wrapped in 
aluminum foil. Cheese that is small in size may 
be left in its original package. Thawing of the 
frozen cheese is important and should be done 
in the refrigerator. 
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A series of pictures is presented showing the 
texture of a variety of frozen cheese. 
J. J. Janzen 


753. “Nuworld” cheese now on market. Anon. 
Milk Prod. J., 46, 9: 48. 1955. 

Called ““Nuworld,” the semi-soft cheese is an 
invention of the Univ. of Wis. and a develop- 
ment of the Univ. of Minn. 

The cheese is distributed throughout Wis. 
and is available in attractive 4-0z. wedge-shaped 
resealable packages with heavy aluminum foil 
wrapping im»rinted in green and black. 

The flavor of the cheese is described as being 
on the order of Camembert, Gruyere, Aged 
Swiss, Roquefort, or Blue Cheese, but not quite 
as tangy. Consumer surveys reveal that this 
natural, semi-soft cheese is ideal as a snack, 
salad, or dessert cheese. J. J. Janzen 


CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 


754. Studies on high temperature steriliza- 
tion of evaporated milk with emphasis on sta- 
bility aspects. C. O. BALL, Dept. Food Technol., 
Rutgers Univ., New Brunswick, New Jersey. 
Food Research, 20, 4: 351. 1955. 

A detailed study of high temperature short 
time sterilization of evaporated milk by the 
agitated can method, accomplished with fast 
heating, resulted in a product with improved 
flavor but with shorter shelf life than the con- 
ventional product because of instability of tex- 
ture and flavor. Acidifying milk and blending 
it with alkalized or normal milk improved 
texture stability by increasing viscosity (short 
of coagulation). In such eases, the higher the 
intensity of agitation during sterilization the 
higher the viscosity in the finished product. A 
higher intensity of heat was required in this 
method to produce stability against cream sepa- 
ration and gelation than to give sterilization, 
whereas in conventionally sterilized milk the 
three objectives are accomplished at about the 
same severity of heating. Controlled distribu- 
tion of high-short sterilized evaporated milk 
seems necessary to insure that the product is 
used within its period of flavor and texture 
stability. F. J. Doan 


DAIRY CHEMISTRY 


755. Atomic energy in agriculture. K. L. 
EnGLuND, Hanford Operations Office, A. E. C., 
Richland, Washington. J. Agr. and Food 
Chem., 3: 826. 1955. 
The article is an interpretative review of the 
role of atomic energy in agriculture. 
S. Patton 


756. The deterioration of milking rubbers. 
IV. Fat in milk liners. J. H. Cooper, Avon 
India Rubber Co. Ltd. Melksham, Wilt. J. 
Dairy Research, 22, 2: 138. 1955. 

Rubber milking machine liners were boiled 
in acetone and then distributed to three farms 
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for use over a 5-7 week period, after which 
time they were cut into segments and extracted 
again with acetone. The mouth piece section 
absorbed mainly fat which had characteristic 
of udder-skin fat. The fat in the barrel was 
a mixture of skin fat and butterfat. Approxi- 
mately 50% of the fat found in the rubber 
liners was from the skin. J. D. Donker 


757. The deterioration of milking rubbers. 
V. The effect of rubber composition. P. M. 
CLARKE and N. J. N.I.R.D., Univ. of 
Reading. J. Dairy Research, 22, 2: 144. 1955. 
Several natural rubber formulations were 
compared with blends of natural rubber and 
Perbunan, butadienacrylonitrile rubber, as 
sources of materials to make milking liners. 
Field use observations included amount of fat 
absorbed, increases in length and diameter of 
liners, degree of ozone cracking and number of 
flexings before becoming perforated. The a ldi- 
tion of Perbunan greatly increased the resis- 
tance to fat contrasted to minor differences 
brought about by use of different accelerators 
and fillers in natural rubber mixes. Carbon 
black appeared to be superior to chalk as a 
filler in these trials. J. D. Donker 
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758. Keeping your fill on the level. 
Milk Prod. J., 46, 9: 12. 1955. 

A new electronic unit, designed to check 
underfills, is being used in evaporated milk 
operations. This unit has a minimum of mov- 
ing parts and takes up a minimum of floor 
space. The principle of the unit’s function is 
simple. A narrow X-ray beam, whose height 
is adjusted to the desired fill level, crosses the 
conveyer at a right angle. When fill is inecor- 
rect, the X-ray beam is so altered as to register 
on a detector. The amplified signal from this 
detector triggers the rejecting device. The 
level checker can be adjusted to check either 
overfill, underfill, or both. 

The X-ray unit measures the fill without 
mechanical contact of the containers under in- 
spection. The narrow X-ray beam responds to 
a level variation of 1/32 inch and has an in- 
spection speed as high as 900 containers a 
minute. Rejection can be made by means of 
an air blast—or rejection devices of other types 
if they are better suited. 

The level checker has only one moving part, 
the shutter, that operates the X-ray beam. No 
radiation problem exists because the beam is 
quite small and all shielding required is in- 
cluded in the unit’s design. J. J. Janzen 
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759. Automatic doors save time and refriger- 

ation. Anon. Milk Prod. J., 46, 9: 16. 1955. 

The use of automatically controlled sliding 

doors for cold storage rooms is briefly discussed. 

These doors are especially suitable in fork truck 

operations. Operating costs are nominal and 
savings in refrigeration can be considerable. 
J. J. Janzen 
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DAIRY PLANT MANAGEMENT 
AND ECONOMICS 


760. Some pricing and regulatory effects of 
the Federal Order on the Tulsa milkshed. L. V. 
BLAKLEY and D. Brewer, Okla. Agr. Expt. 
Sta., Stillwater. Bull. B-451. 1955. 

This study of the size and type of adjust- 
ments in milk production associated with the 
pricing and regulatory effects of the Federal 
Order was made in the Tulsa milkshed by per- 
sonal interviews with Grade A milk producers 
and covered the years 1949 through 1952. The 
adjustments to the pricing and regulatory 
effects of the Order are as follows: Before 
the Order, the discount on milk testing below 
4% was 10¢ for each point; under the order, 
the discount was 7.5¢. As a result, dairy farm- 
ers began using lower testing herds. With the 
decrease in butterfat emphasis, milk produe- 
tion increased. Consequently, the pricing pro- 
cedure was flexible enough to allow for adjust- 
ments of milk tests to market demands. For 
the test period (1949-’52), the adjustment was 
a change of 1% in the milk test level for each 
4.4% change in the butterfat price differential. 
Changes in milk prices relative to beef prices 
and changes in weather appeared to be the 
most important factors influencing milk pro- 
duction. Milk production increased and de- 
creased at about the same rate as the relative 
price change, since the Order governed only 
milk prices. R. W. Hunt 


761. How Chicago’s PMA finances farm bulk 
tanks. Anon. Milk Prod. J., 46, 10: 18. 1955. 

Under the Chicago PMA plan, when an entire 
plant wishes to switch to bulk, the milk dealer 
agrees to pay at least 15¢ per ewt. premium 
for bulk tank milk, until this premium of 15¢ 
or more equals 34 of the cost of the bulk tank 
plus 16%, estimated interest and finance 
charges. 

The cost of the bulk tank, under this plan, 
includes the actual cost of the tank less any 
allowed discount for trade-ins, the setting up 
of the tank and compressor in the milk house 
and its placing in a satisfactory operating con- 
dition, the electrical wiring inside the milkhouse 
necessary for operation of the bulk tank, and 
calibration of the tank. 

The estimated interest and finance charges of 
16% inelude interest at not more than 6% per 
annum on the unpaid balance for about 5 years. 
The amount to be financed includes the actual 
price of the tank less discount and trade-in 
credits, installation charges, interest and finance 
charges, and payment of $20 to repossession 
fund. 

The milk dealer agrees, by written assign- 
ment, to deduct at least 20¢ per ewt. (at least 
15¢ to be paid by the milk dealer and an addi- 
tional 5¢ by the producer) from the producer’s 
milk check every month and remit the amount 
to the PMA until the assignment expires. 

The producer, under this plan, agrees to 
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purehase and pay for his bulk tank in monthly 
payments at the rate of 20¢ or more per ewt. 
(the actual bulk premium plus 5¢ per ewt.) 
provided these payments will be at least 144% 
of the total loan or $20, whichever amount is 
the largest. 

The producer also agrees to pay $20 into a 
repossession fund to be held by the PMA for 
the purpose of reimbursing a tank dealer for 
his loss in the event that a bulk tank is repos- 
sessed due to default in payment by a pro- 
ducer. 

The PMA agrees to remit the producer’s 
monthly deductions to the owner of the indebt- 
edness and to keep a record of the producer’s 
monthly payments. The PMA also agrees to 
reimburse the bulk tank dealer out of the re- 
possession fund with a maximum payment of 
$200 for his losses incurred in the event that a 
tank is repossessed within 2 years from the date 
of installation. 

The bulk tank dealer guarantees to provide 
a tank which the manufacturer pledges will 
meet the pre.zribed standards set by the Pure 
Milk and Associated Milk Dealers Joint Tech- 
nical Committee. These include compliance with 
3A Sanitary Standards as of the date the tank 
is installed, compliance with regulations of the 
health authorities concerned, and a 10-year 
warranty on the bulk tank plus a 5-year war- 
ranty on all compressors. 

Financing has been arranged through local 
banks and is meeting with acceptance from all 
quarters. J. J. Janzen 


762. Three processors team up and win multi- 
savings. R. A. Larimer. Food Eng., 27, 9: 92. 
1955. 

An ice cream manufacturer, a mix producer, 
and a wholesale milk dealer combined opera- 
tions in a single new plant. Marked savings re- 
sulted from employment of a single boiler and 
a common refrigeration system, interchange of 
personnel from one type of production to an- 
other, combining of sales and office work, and 
elimination of duplicated deliveries. The care- 
fully engineered and modernly equipped plant 
contributes to highly efficient operation. 

T. J. Claydon 


763. Materials handling equipment. C. 0. 
Davis. Milk Plant Monthly, 44, 9: 28. 1955. 
A nation wide survey concerned with the use 
of lift trucks, conveyors, and palletization in 
milk plants showed that there is_ interest 
throughout the industry in more efficient han- 
dling of materials, particularly regarding load- 
ing and unloading of delivery trucks. Except 
for the use of conveyors, the industry has only 
begun to convert its hand-labor to machine- 
labor. C. J. Babeock 


764. New British plant uses automation. W. 
Sexues, British Correspondent, Universal 
Trade Press Syndicate. Milk Plant Monthly, 
44, 9: 25, 1955. 
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A description of the Express Dairy Com- 
pany’s “Milk Center,” in Morden just outside 
of London, where bottles arriving from dis- 
tributing dairies pass thruogh the process of 
washing, filling, capping, and crating without 
being touched by human hands. It is one of 
the largest dairy organizations in the world 
and owns 7 bottling dairies, 125 retail dis- 
tributing depots, more than 300 shops and 50 
restaurants and cafeterias. It can handle up 
to 1,100,000 bottles of milk per day, holding 
120,000 gal. of milk. C. J. Babeoek 


765. Plant expansion without enlargement. 
Staff Editors. Milk Plant Monthly, 44, 9: 21. 
1955. 

The Twin Pines Farm Dairy of Detroit, 
Michigan’s largest, switched from cylindrical 
to reetangular tanks to make better use of 
existing floor area and increase storage capacity 
from 18,000 gal. to 40,000 gal. The rectangu- 
lars are about 1 ft. narrower and 2 ft. shorter 
than the cylindrical tanks of the same capacity. 
The rectangular tanks can be placed side-by- 
side and walled-in, thus eliminating the addi- 
tional space for cylindrical units. The ree- 
tangular tanks make possible a 40% savings 
in floor area and a 2 ft. reduction in aisle 
space, while increasing capacity as much as 
60% for given wall area. C. J. Babeock 


FEEDS AND FEEDING 


766. Year-round grazing on a combination of 
native and improved pasture. 1). W. Jones, 
K. M. Hopes, and W. G. Kirk, Fla. Agr. Expt. 
Sta., Gainesville. Bull. 554. 1954. 

A successful management system involves the 
supplementation of native pastures with im- 
proved pastures. A supplementation program 
of this type reduces the necessary pasture acre- 
age per cow and provides higher quality feed. 
Additional feed supplies are realized, especially 
during winter feeding periods, because of a de- 
ferred grazing schedule which is possible under 
this system. An advantage of the supplemental 
pasture system is that pasture acreage can be 
adjusted to changes in herd size. 

R. W. Hunt 


767. Wood molasses as a feed for milking 
cows. E. \. Keyes, Mont. Agr. Expt. Sta., 


Bozeman. Vir. 202. 1953. 

Crude molasses can be made from wood 
wastes by hydrolyzing with dilute sulfuric 
acid, neutralizing with calcium oxide, filtering 
out most of the calcium sulfate, and then 
evaporating excess water to obtain a product 
of 45-55% sugar. The results of this experi- 
ment indicate that wood molasses can be used 
in feeding cows without affecting milk pro- 
duction. R. W. Hunt 


768. A study of winter disorders in cows and 
ewes fed low-quality roughage. C. K. Wuirte- 
Hair and W. D. Gauuup, Okla. Agr. Expt. Sta., 
Stillwater. Tech. Bull. T-53. 1955. 
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Protein deficiency was observed when cows 
and ewes were fed poor quality roughage. Sev- 
eral diseases contracted by the experimental 
animals are described. R. W. Hunt 


769. Labor used in crop production in Ten- 
nessee, 1953. Part IV. Hay, pasture, and 
cover crops. W. P. Ranney. Tenn. Agr. Expt. 
Sta., Knoxville. Cir. 5. 1955. 

Most of the variations in labor used per acre 
were accounted for by the yields of hay, level 
of mechanization in harvesting, kind of erops, 
and time of establishment. Higher yields per 
acre require more labor. When loading and 
hauling loose, an increased yield of 1 T/aecre 
resulted in approximately 2.6 more man hours; 
bailing added about one extra hr. The group 
of farmers using horses averaged 40% more 
labor than those using tractors. The total labor 
required for preparing the seed bed and har- 
vesting was highest for alfalfa and lowest for 
lespedeza clover, and timothy seeded in small 
grain. However, when computed on a “per ton 
of hay” basis, the hours of labor were lowest 
for alfalfa and highest for soybeans. 

R. W. Hunt 


770. Seasonal distribution and production of 
forage and milk from orchard grass—ladino 
and blue grass pastures. V. G. SpraGuE et al., 
Pa. Agr. Expt. Sta., State College. Bull. 592. 
1954. 

Productivity under 5 different management 
treatments of orchard grass—ladino clover pas- 
tures was studied for 5 years in comparison 
with a rotationally grazed, well managed Ky. 
bluegrass—white clover pasture. The 5 treat- 
ments were: (1) early spring grazing, (2) de- 
ferred spring grazing, (3) early spring graz- 
ing followed by removal of aftermath for hay 
or silage and later by rotational grazing, (4) re- 
moval of first crop for silage, followed by rota- 
tional grazing, and (5) continuous grazing 
throughout the season. 

Greatest milk production came from the 
orchard grass—ladino clover paddocks on which 
“deferred” grazing was followed by rotational 
grazing. “Continuous” grazing was second high- 
est. Ky. bluegrass paddocks produced about 
24 as much as the better orchard grass plots. 
About half the production from the “deferred” 
paddocks came in May. “Karly spring” grazing 
followed by rotational grazing was most con- 
ducive to maintaining the stand of ladino 
clover. “Continuous” grazing tended to pro- 
mote survival of the smaller types of clover 
and also aggravated “spot” grazing. 

R. W. Hunt 


GENETICS AND BREEDING 


771. A study of variation in twin cattle. IV. 
Emergence of permanent incisor teeth. G. 
Wiener and H. P. Donaup, Agr. Research 
Council, Edinburgh. J. Dairy Research, 22, 2: 
127. 1955. 


ABSTRACTS OF LITERATURE 


Data are presented on variation in age at 
eruption of permanent incisor teeth in one-egg 
(MZ) and two-egg (DZ) twins and in pairs of 
half sisters (HZ). The lst pair of incisors 
erupted when the animals were, on average, 100 
weeks old and the other three pairs came at, 
roughly, 26 week intervals thereafter. Varia- 
tion in age at eruption increased from Ist to 
4th incisors, but the coefficient of variation re- 
mained constant at about 8%. The mean 
interval between eruption and complete emer- 
gence was about 5 weeks for the first three 
pairs of teeth and nearly 10 weeks for the 4th 
pair. 

Variation in age at eruption within MZ pairs 
was no greater than between left and right 
sides of the same animal. DZ displayed greater 
within-pair variances than MZ twins, and HZ 
pairs greater than DZ. 

Correlations of age at eruption of teeth with 
body weight and with gain in weight were nega- 
tive but non-significant. Age at eruption of 1st 
and 3rd teeth was positively correlated with 
age at Ist and 2nd calving, but eruption of 2nd 
and 4th teeth was not. 

For 2nd, 3rd, and 4th incisors, the intra-pair 
variance of the HZ group was in excess of that 
expected. This can be interpreted to mean that 
the estimates of environmental and genetic 
variation derivable from MZ and DZ pairs are 
not adequate to account for all the variation 
within HZ pairs. J. D. Donker 


HERD MANAGEMENT 


772. Relative merits of four methods of har- 
vesting and preserving alfalfa forage for dairy 
feed. J. B. SuepHerp et al., U.S.D.A. Wash- 
ington, D. C. Cir. 963. 1955. 

The Beltsville experiments were conducted 
over a 5-year period to determine the relative 
merits of harvesting forage as field-eured hay, 
barn-dried hay, wilted silage, and dehydrated 
hay. Results show that in climates where rain 
oceurs frequently during the harvest period, it 
will be to the farmer’s advantage to harvest 
his hay crop as silage or barn-dried hay. In 
these experiments, more nutrients were pre- 
served by making silage or barn-drying the hay 
crop than field-curing, even when the weather 
was favorable. The investment of a field drier 
will be between $8,000 and $10,000. Stationary 
dehydrators will cost between $50,000 and 
$150,000. R. W. Hunt 


773. Dairy calf losses in the Kentucky Agri- 
cultural Experiment Station herd. ©. A. Las- 
sirek and D. M. Searu, Ky. Agr. Expt. Sta., 
Lexington. Bull. 622. 1955. 

Herd records were used for this study and 
covered the period from Aug. 12, 1928 to Dee. 
31, 1952. Including abortions, 1,067 births 
were reviewed. Calf losses averaged 14.43%, 
with the principal causes being abortions and 
calves born dead. Secours and pneumonia were 
the main causes of death of the live-born calves. 
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ICE CREAM 


Of the calves born alive, 52.6% died before 
they were 28 days old and 84.2% before they 
were 56 days old. Calf losses were highest in 
January., R. W. Hunt 


ICE CREAM 


774. Factors affecting purchases of ice cream 
for home use. G. G. QuACKENBUSH and J. D. 
Suarrer, Mich. Agr. Expt. Sta., East Lansing. 
Tech. Bull. 249. 1955. 

A total of 240 families was surveyed to de- 
termine demands and purchase patterns of ice 
cream bought for home use. Extensive use was 
made of records of 128 families, each of whom 
reported 50 or more weeks in 1952. Ice cream 
for consumption in the home is becoming an 
increasing proportion of total consumption, 
with a present rate of purchase of about 58%. 
Temperature changes of 5° were associated with 
about 5% change in quantity purchased in the 
same direction. A 10% change in current in- 
come apparently reduced purchases about 2% 
or vice versa. A 10% change in price affected 
purchases by about 9% in the opposite diree- 
tion. 

Using purchases for 1952, difference in per 
capita consumption among the 128 families 
could not be adequately explained by difference 
in income, size of family, or age of homemaker. 
Families with high expenditures for ice cream 
purchased the product 66% of the weeks, while 
those with low expenditures bought it only 12% 
of the weeks. High expenditures for ice cream 
did not affect expenditures for other dairy 
products. Over the 104 weeks from mid-1951 
to mid-1953, the percentage of families pur- 
chasing ice cream varied more with temperature 
changes than did quantity of purchase. 

R. W. Hunt 


775. Cabell’s presents case for mellorine. 
Anon. Iee Cream Field, 66, 3: 52. 1955. 

It is claimed that promoting a mellorine-type 
product called ‘d’Zert’ has not interfered with 
ice cream sales. W. C. Cole 


776. Laws on “other” products. Anon. Ice 
Cream Field, 66, 3: 34. 1955. 

Details of survey by Ice Cream Field gives 
the status of ice milk, mellorine, and diabetic 
ice cream for each of the 48 states. Tabulations 
show that 41 states allow ice milk; 11 states 
permit mellorine type products; and 33 states 
authorize the manufacture and sale of diabetic 
ice cream. 


777. Dairy reports on ice milk. Anon. Ice 
Cream Field, 66, 3: 42. 1955. 

It is reported that the sale of Golden State’s 
ice milk accounts for 14 of the dairy’s total 
package sales and together with 14-gal. ice 
cream accounts for more than 1% of their pack- 
age sales. These two items represent almost 1 
of the total frozen dairy products sales for the 
dairy. W. C. Cole 
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MILK AND CREAM 


778. Can bulk conversion improve quality? 
H. V. Atuerton, A. Braprietp, and P. FE. 
GorrHELF, Univ. of Vermont, Burlington. 
Milk Plant Monthly, 44, 9: 15. 1955. 
Approximately 175 flavor comparisons made 
between individual deliveries of 18 patrons un- 
der can cooling conditions of 1952 and the 
deliveries of these 18 patrons under bulk cool- 
ing systems for the same month of 1954 showed 
that feed flavor predominated in both years. 
A decline in the incidence of unelean, rancid, 
and high acid flavors was noted between 1952 
and 1954, with an inerease in flat and in weedy 
flavors during the same period. However, de- 
spite a slight improvement in milk flavor for 
the samples as a whole, about 1% of the de- 
liveries sampled in 1954 scored lower in flavor 
evaluation than the comparable deliveries in 
1952, and 1% of the farms are delivering milk 
with higher average bacteria counts on a bulk 
tank cooling system than were obtained from 
the same farms previous to bulk tank installa- 
tion. C. J. Babeock 


779. Prevention of sunlight flavors. H. J. 
VELANDER and S. Parton, Pa. State Univ., 
State College. Milk Plant Monthly, 44, 9: 18. 
1955. 

The following recommendations are made to 
prevent sunlight flavors: (1) Avoid bottled 
milk as an outlet for milk of poor bacterio- 
logical quaility. Since as little as four milli- 
grams of free methionine per quart greatly 
increase the susceptibility of milk to sunlight 
flavor, it is clear that conditions which might 
promote protein hydrolysis should be avoided, 
(2) Do not use tryptic enzyme-type antioxi- 
dants in milks which may be exposed to direet 
sunlight. It has been shown recently that such 
enzymes produce sufficient protein hydrolysis 
to enhance susceptibility of milk to sunlight 
flavor formation, (3) Where practicable use 
amber or ruby colored glass bottles rather than 
conventional uncolored bottles. It is well estab- 
lished that these colored bottles afford substan- 
tial protection to both the flavor and the vita- 
mins of milk exposed to sunlight. The useful- 
ness of paper containers for this purpose de- 
pends mainly on their thickness, (4) Where 
permissible addition of a suitable antioxidant 
is recommended. Such measures are helpful in 
preventing that component of sunlight flavor 
resulting from milk fat oxidation, and (5) When 
possible use lightproof boxes at the customer’s 
doorstep. This measure, although expensive, is 
an ideal solution to the problem. 


C. J. Babeock 
NUTRITIVE VALUE OF 
DAIRY PRODUCTS 
780. Milk protein invaluable source of “body 
building blocks.” R. G. Hansen, Dept. Dairy 


Sei., Univ. of Ill., Urbana. Milk Prod. J., 46, 
10: 24. 1955. 
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Nutrition experiments reveal that the healthy 
body needs a daily supply of at least 8 essential 
amino acids to help growth and maintain nor- 
mal body functions during adult life. 

The recommended daily intake of the essen- 
tial amino acids is: tryptophan, 0.5; methio- 
nine, 2.2; threonine, 1.0; phenylalamine, 2.2; 
lysine, 1.6; valine, 1.6; isoleucine, 1.4; and 
leucine, 2.2 g. 

Factors determining how effective a protein 
will be in helping the body reach and maintain 
protein nitrogen balance or equilibrium are: 
(1) the completeness of a protein with respect 
to its content of the essential amino acids. 
(2) the supplemental value of one protein with 
another. (3) the importance of a simultaneous 
intake of protein foods with other components 
of a good diet. 


Known nutrition facts indicate that milk, 
dry milk, and cheese contribute important 
amounts of all the essential amino acids. The 
nonfat fraction of milk and milk products 
contains an abundance of several of the eight 
essential amino acids necessary for growth and 
body maintenance during adult life. One quart 
of milk daily, or its equivalent in dairy foods, 
will provide all the essential amino acids re- 
quired by the average man. Foods of animal 
origin, like fluid milk, evaporated milk, dry 
milk, and cheese, are richer in the variety and 
total amount of essential amino acids than are 
foods of plant origin. Milk is especially im- 
portant as a protein food to supplement foods 
low in one or more of the essential amino acids. 
Milk contains an abundance of lysine and sup- 
plements the deficiency of this amino acid in 
cereals and breads. Proteins present in dairy 
foods have a high nutritional value because of 
their excellent balance of amino acids. 

J. J. Janzen 


781. What’s doing in research. ANon. Milk 
Prod. J., 46, 9: 30. 1955. 

A total of 33 nutrition research projects are 
being supported with funds from the dairy 
industry. The Dairywide Coordinating Com- 
mittee on Nutrition Research presents a list of 
these projects. J. J. Janzen 


PHYSIOLOGY AND ENDOCRINOLOGY 


782. Reviews of the progress of dairy science. 
Section A. Physiology of dairy cattle. The 
biochemistry and microbiology of the rumen. 
D. C. Epwarps, Hannah Dairy Research Inst., 
Kirkhill, Ayr, Scotland. J. Dairy Research, 
22, 2: 232. 1955. 

This review contains 171 references taken 
mainly since 1952. There are sections on 
ruminant saliva, rumen gases, rumen bacteria, 
rumen protozoa, cellulose digestion, other ecar- 
bohydrates, volatile fatty acids, lactie and sue- 
einie acids, non-protein nitrogen and vitamins. 


J. D. Donker 


ABSTRACTS OF LITERATURE 


783. Gastric urease. H. L. KornperG and 
R. E. Davies, Univ. of Sheffield, England. 
Physiol. Rev., 35, 1: 169. 1955. 

The presence of urease has been demonstrated 
in the gastric mucosa of dogs, men, cats, mice, 
sheep, bullocks, goats, and frogs and possibly 
other species. However, experiments have 
shown this urease to be of bacterial origin, 
playing no role in gastric physiology. 


E. G. Moody 


784. Symposium on the regulation of the per- 
formance of the heart. L. N. Karz, editor, 
Michael Reese Hospital, Chicago. Physiol. 
Rev., 35 1: 90. 1955. 

The symposium consisted of nine papers re- 
lating to the regulation of heart performance. 
The papers pointed up the sharp differences of 
opinion regarding the manner in which the 
performance of the heart is regulated under 
various conditions. The reader will have to 
arrive at his own stand until future events more 
clearly define the actual importance of the sev- 
eral mechanisms responsible for the regulation 
of the performance of the heart. The editor 
reported that in the intact animal the factors 
affecting the work and oxygen consumption of 
the heart are: 

1. End-diastolie volume which in turn is a 
funetion of filling pressure, cardiac tone, 
time available for filling, and systotic resi- 
due. 

The manner in which contraction is ac- 

complished, viz. whether it approaches an 

isovolumic or an isobaric contraction. 

3. Neurogenic, humoral, and other extrinsie 
factors. 

4. Heart rate changes. 


to 


E. G. Moody 


785. Recent developments in our knowledge 
of bile salts. G. A. D. Hase.woop, Guy’s Hos- 
pital Med. School, London, England. Physiol. 
Rev., 35, 1: 178-196. 1955. 

Author summarized discoveries and specula- 
tion which recently have led to modifications in 
views concerning the origin, function, and 
metabolism of the bile salts. E. G. Moody 


SANITATION AND CLEANSING 


786. Spray system cleaning. Milk 
Plant Monthly, 44, 9: 31. 1955. 

One of the significant differences between the 
spray method and the conventional circulation 
method of cleaning is that heat is applied di- 
rectly to the cleaning solution by means of sys- 
tem injectors and not through operation of the 
processing equipment itself. Another departure 
is that smaller volumes of cleaning solution are 
required, allowing for greater concentration and 
the use of less detergent. A typical alternate 
procedure for cleaning by the spray system is 
given. The significant advantages are savings 
in labor, water, steam, detergents, and more 
satisfactory results. C. J. Babeock 


ANON. 
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787. Physiological basis for insect resistance 
to insecticides. R. L. Mercaur, Univ. of Calif., 
Riverside. Physiol. Rev., 35, 1: 197. 1955. 
Reviewed were both field and laboratory re- 
sults obtained from studying the development, 
inheritance stability cross resistance, and bio- 
chemistry of resistance in various species. Some 
practical control measures for resistant insects 
were discussed, The author concluded with the 
optimistic note that notable resistance has oc- 
eurred in less than 0.1% of the more than 5,000 
insect species of economic importance. This 
was the basis of the hope that resistance will 


continue to be the exception rather than the 
rule. E. G. Moody 


788. Cleaning and sanitizing dairy equip- 
ment. W. C. Core, Arden Farms Co., Los 
Angeles, Calif. Milk Plant Monthly, 44, 8: 
16. 1955. 

The development of today’s basic cleaners, 
properties of available chemicals, and uses of 
various cleaners and compounds are discussed. 
Excellent cleaning materials formulated to ef- 
fectively solve most dairy cleaning and sani- 
tizing problems are now available. Adherence 
to good practices and procedures is essential 
if the materials are to function as they should. 
In each plant, the cleaning problem should be 
evaluated, and cleaning and sanitizing materials 
best suited for the respective jobs be secured. 
Proper procedures should be established, and 
those responsible for cleaning and sanitizing 
should be properly instructed in order to best 
fulfill their responsibility. C. J. Babeocek 


789. 3-A standards. ©. A. ApeiE, Diversey 
Corp., Chicago, Ill. Milk Plant Monthly, 44, 
8: 21. 1955. 

The 3-A standards are discussed. Since the 
spring of 1946, standards have been formulated 
and published for 14 types of equipment and 
for two procedures. Four sanitary standards 
have been revised or amended. Sanitary stand- 


ards for eight or more additional types of dairy 
equipment are in process of formulation by 
task committees. C. J. Babeock 
790. Fly and insect control. III. Protecting 
milk in the milk house and processing plant. 
Awon. Milk Prod. J., 46, 8: 16. 1955. 

This is the third and final article of the 
series dealing with fly and insect control. The 
importance of keeping insects out of packaged 
foods is stressed. 

Piperonyl butoxide and pyrethrins have been 
adjudged by the government regulatory agency 
concerned with foods to be the safest of all 
toxicants used for insecticidal purposes. This 
combination may be used freely in the milk 
house and around dairy products without fear 
of contamination, or of any adverse effect upon 
the flavor of nearby foods. Other chemicals are 
briefly discussed. 

The importance of sanitation as the first step 
in the control of insects is stressed. The use of 
aerosols is briefly discussed, particularly for 
free-flying insects. 

Specific recommendations are given for flies, 
mosq? itoes, and gnats, cockroaches, fleas, sil- 
verfisi., ants. J. J. Janzen 


791. Washing machine system for milking 
machines. M. P. Hansen. U. S. Patent 2,717,- 
576. 1 claim. Sept. 13, 1955. Office. Gaz. U. S. 
Pat. Office, 698, 2: 224. 1955. 

An arrangement of pipes and valves which 
permits cleaning, by circulation, of a pipeline 
type of milking machine. R. Whitaker 


792. Direct washing, flushing, and sterilizing 
system of stainless steel milk machine pipe- 
lines on farms. B. P. Zimmer. U. S. Patent 
2,714,893. 2 claims. Aug. 9, 1955. Offic. Gaz. 
U.S. Pat. Office, 697, 2: 189. 1955. 

An arrangement is described for cleaning by 
cireulation with a cleaning solution, a rinsing 
solution, and a sanitizing agent, all parts of a 
pipeline-type farm milking system. 

R. Whitaker 
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TIPS 
TO SANITARIANS 


Here’s one way 
that RAPID-FLO’ 
helps you improve 
quality—and cut 
handling costs 


the RAPID-FLO'check-up 


A simple program for use on your routes that: 
1. Shows up poor or worn out equipment 
and permits replacement with modern and 
safe utensils. Dented or old fashioned strainers 
may mean imperfect filtration and result in 
bad sediments. 

2. Reveals use of improper size or type of filter 
disk—that may permit by-pass of milk without 
filtration— another reason for bad sediments. 


Filter Products 
Division 


Rapid-Flo Fibre-Bonded Filter Disks are avail- 
able in a size (6” to 714") or type (Bonded Face, 
Single Gauze Face or Double Gauze Face) to 
fit any modern strainer and provide sure pro- 
tection in quality milk production. Let the J&J 
representative give you the facts about the 
Rapid-Flo Check-Up and other J&J services 
to the dairy industry. Write us today. 


4949 West 65th Street fob 38, Illinois 


Better Quality Dowy Products 


Your advertisement is being read in every State and in 45 Foreign Countries 


wa 
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FLAV-0-LAC 
FLAKES 


THROUGHOUT THE WORLD 


For highest quality products — uni- 
form aroma, smoothness, flavor. 
One quart of culture produced on 
first propagation, 

Larger size “Famous 40” bottle 


directly propagates forty quarts of 
starter. 


Send for new 
Culture Booklet. 


THE DAIRY LABORATORIES 


PHILADELPHIA 3, PA. 


Bronches: New York Baltimore Washington 


the 
new in dairy feeds 


Beacon all pelleted dairy feeds stop 
waste, are clean, easy to handle. Cows 
relish them the year around. It’s 


easier to keep the herd on feed, espe- 
cially high producers. 


New Beacon Be-Co-D for Milk Fever 
prevention. 8 lbs. daily supplies 30 


million units of Vitamin Dz in a low 
protein, high molasses calving ration. 


2. 
3. 


Dealers located from Maine to the Virginias 


EACON 


Beacon Sodium Propionate Mixture 
has proven effective for Ketosis con- 
trol. (Acetonemia) Ask your Beacon 
dealer for details. 


The Beacon Milling Co., Inc., Cayuga, N. Y. 
York, Pa. — Laurel, Del. — Eastport, N. Y. 


AMERICA’S MOST COMPLETE 
LINE OF ALKALINE CLEANERS 


For Stubborn Hard Water 
KLENZADE HC-55 


Eliminates your hard water cleaning prob- 


For Toughest Cleaning Jobs 
SUPER WET HC-7 


Klenzade Super Wet HC-7 is a 3-power super 
detergent for removing heavy soil and high 
fat epurengane™ Saves the excessive costs 
of ing i i he because a 
“tittle HC-7 does a lot.’ 


On-the-Job Service by Trained Klenzaders 
Nothing can match the cost-cutting economies of “‘job-fitted” 
Klenzade D bya fe in-plant 
plants save hundred of dollars lly by 
sanitation programs. 


“FIRST IN CLEANING CHEMICALS” 


Your advertisement is being read in every State and in 45 Foreign Countries 


6 
a Faster Production ve 
Lower Cost | 
= 
cause it works faster, better, surer. 
our Most ropelar Favorites 


HIGH QUALITY SINCE 1878 


MORE ACCURATE 
AUTOMATIC 


Leading dairies and lab- 
oratories report this meter 
provides greater accuracy 
because of its excellent re- 
peatability. Fully automat- 
ic. Simple to use. Read- 


* Cheese Rennet and Color ings directly in grams. 
* Certified Process Cheese Color No. Ideal for milk, cheese, 

4 and No. 5 evaporated and con- 
* Cottage Cheese Coagulator densed products, ice cream 
* Annatto Butter Color mix, and oe of 
* Dandelion Butter Color So 
* Certified Butter Color anton-Gaulin, manutfac- 
* Starter Distillate tured by Raytheon Manu- 
* Ice Cream Color facturing Company 
* Dri-Vac Lactic Culture 
* Culture Flasks 
* Culture Cabinets MANTON-GAULIN MFG. CO., INC. 
* Testing Solutions 32 GARDEN ST., EVERETT, MASSACHUSETTS 
* Odorless Type Dairy Fly Spray © Send descriptive literature (© Have salesman call 

Write for Literature 
CHR. HANSEN’S LABORATORY, INC. City... State... 
MILWAUKEE 14, WISCONSIN Company 


® In running quality control tests on your 
products, accuracy, as you know, is a first 
essential. And accurate results depend upon 
precision-engineered laboratory equipment and 
accessories. 


© At Mojonnier, you'll find a wide selection 
of the finest equipment available anywhere, 


a FLIP 
of the thumb — to help you get closest possible quality control 
and “a —- and speed up your analytical and general 
— laboratory work. 
Babcock Test Babcock Babcock Stainless Hilker- 
Bottle Baths Bottle Shakers Bottle Washers Steel Guthrie 
® Bulletin 312-9 provide: full information about the a Body Testers 


Mojonnier line of precision laboratory equipment. Send for it today. 


Write: MOJONNIER BROS. CO., 4601 W. OHIO ST., CHICAGO 44, ILLINOIS 


LABORATORY EQUIPMENT and SUPPLIES 
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This GOW... 
BULLETIN BOARD 


JOURNAL OF DAIRY SCIENCE 


charge—$2.50. 


Classified advertisements for the Bulletin 
Board should be received by the editor by 
the 25th of the month preceding publica- 
tion. Rates—50 cents per line. Minimum 


PROFESSIONAL DIRECTORY 


LABORATORY SERVICES 
Vitamin and amino acid assays eProximate 
analyses and mineral determinations ¢ Bio- 
logical assays of vitamins A, D2, D3 , E and 
K © Chick feeding tests e Antibiotic assays @ insect- 
icide, fungicide, and bactericide screening ¢ Pharm- 


WISCONSIN ALUMNI RESEARCH FOUNDATION 
P.O. Box 2059-X @ Madison 1, Wisconsin 


Dairy and Food Consultants .. . . 

Your card in this department will add 
prestige to your name. The Professional 
Directory reaches Journal of Dairy Science 
readers in all branches of the field. Rates 
depend on the number of insertions per 
year. Consult the Editor for details. 


ANY REQUIREMENTS 


Send us your problem — 


lee Cream Ice Milk 
Sherbets 


Ices 


Sour Cream Buttermilk 
Diabetic Cream 


|] Soft Serve Mixes 


SPECIALIZERS IN STABILIZERS 


GERMANTOWN MFG. CO. 


5100 Lancaster Ave., Philadelphia 31, Pa. 


Stabilizers to meet 


|] Pops 


Your advertisement is being read in every State and in 45 Foreign Countries 
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Bacto- Dehydrated Medta 
for Microbiological Assay of 


VITAMINS and AMINO ACIDS 


These media contain all the necessary nutriments for the 
growth of specified test organisms for the microbiological 
assay of vitamins and amino acids except for the component 
under assay. These basal media require only the addition of 
specified increasing amounts of the vitamin or amino acid 
being assayed to obtain a growth response which may be 
measured by acidimetric or turbidimetric methods for the con- 
struction of standard curves. The vitamin or amino acid con- 
tent of the material under assay is determined by adding 
appropriate concentrations of the test substance to the basal 
medium and comparing the growth response obtained with 
that of the standard. 


BACTO-RIBOFLAVIN ASSAY MEDIUM BACTO-CHOLINE ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM BACTO-CF ASSAY MEDIUM 
BACTO-THIAMIN ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY MEDIUM 
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-LEUCINE ASSAY MEDIUM 
BACTO-B 2 ASSAY MEDIUM USP BACTO-METHIONINE ASSAY MEDIUM 
BACTO-CS VITAMIN Byjg AGAR BACTO-LYSINE ASSAY MEDIUM 
BACTO-FOLIC ACID ASSAY MEDIUM BACTO-ISOLEUCINE ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-ARGININE ASSAY MEDIUM 


BACTO-BIOTIN ASSAY MEDIUM BACTO-TYROSINE ASSAY MEDIUM 
BACTO-CYSTINE ASSAY MEDIUM 


The method employed in carrying stock cultures of the test 
organisms and ag oy | the inoculum for microbiological 
ol 


assay is important. The following media have been developed 
especially tor carrying stock cultures and for preparation of 
the inoculum: 
BACTO-MICRO ASSAY CULTURE AGAR BACTO-Bj2 CULTURE AGAR USP 
BACTO-MICRO INOCULUM BROTH BACTO-Bj2 INOCULUM BROTH USP 
BACTO-NEUROSPORA CULTURE AGAR 


BACTO-VITAMIN FREE CASAMINO acips, dehydrated, is an acid 
hydrolysate of vitamin free casein prepared especially for 
laboratories investigating microbiological assay of vitamins. 


Descriptive literature available upon request 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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